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In the spring of 1977, students enrolled in Grades 4, 8., and 12 in
the public schools of the province of British Columbia took part in the
first Assessment of Student Learnings in Mathematics. conducted by the
Learning Assessment Branch of the Ministry of Education. During the same
period, ap 'proximately 3500 teachers of mathematics at seven. different
grade levels completed a comprehensive questionnaire dealing with numer-
ous aspects of the methods and materials ued in the teaching of mathema-
tics in the province. . e

The Learning Assessment, Program is long tudinal in nature,, and the
various aspects of the curriculum of the public schools are scheduled to
be assessed at regular intervals. In the case of mathematics, the cycle
is -two years long; in other words, mathematics will be re-assessed during
the 1978-79 school year. One of the purposes of this assessment of mathe-
matics in the province was to collect baseline data against which theper-.
formance of students' in future assessments could'be compared.

1.1 Purposes of the Assessment

3

The major principle underlying the entire Learning Assesnt Program
is that decisiOnd about education should be based upon anunderstanding of
what and flow children and young adults are learning. Educational decisions

tare being made every. y, decisions which affect the allocation of resources,
in-service education o teachers, teacher training.programs, curriculum
development, and the adequacy of various programs. The Mathematics Assess-
ment will provide decision-makers at all levels with factual and current
information concerning the teaching and learning of mathematics upon which '

to base their decisions.

The Assessment Program in general andPthe Mathematics Assessment in
particular are designed to inform the public of some of the strengths and
weaknesses of he public school system in this province. The information
generated by the Mathematics Assessment will assist scyfool'distriets in '

maintaining identified strengths and overcoming weaknesses. It is hoged
that_turriculum developers and curriculum revisiod.committees will he. able
tofmake use of these resultS'in the process of improving currictla and der
veloping suitable resource material's. Furthyrmore, 'such information coult
be used in the allocation of resources at both the provincial and district
levels.

At the university level, the information generated by the assessment
. will be useful in inacatiqg directions for change and improvement in tea-

cher education. Finally, the information produced by the assessment should
be Of great value.to educational researchersrhoth as.-a data bank and as d
source of researchable questions concerning the teaching and'learning of
matheMatics.



1.2 Organization of the Assessment

, .

Several groups participated in the organtzation and implementation of
the Mathematics Assessment. These groups Included the Learning Assessment
Branch of the Ministry of Education, the Cqntract Team, the Mariagement Com,
mittee, and the B.C. Researck. Council. Consultations were held with several

. other groups as well. .

The Contract Team was retained by the Learning Assesitent Branch to
conduct the Mathematics Assesiment. The Contract Team's responsibilities
included conducting the Goals Assessment and developing the set of objec-
tives to be assessed, constructing the student tests, piloting the tests
and'subsequently revising them, constructing the Teacher Questionnaire, and
writing the final reports of the assessment. The Contract Team consisted
of two members-of the Faculty of Education of the University 46f British
Columbia, a primary teacher who was on leave of absence from the New West-
minster School District, and a teacher of secondary mathematics froi the
North Vaapouver School District.

It was the role of the Management Committee to oversee the operations
ofithe Contract Team and to provide, guidance and suggestions regarding the
various phases of the assessment. Members of the Management Committee in -''
cluded two teachers, a supervisor of instruction, a teacher educator, d
school trustee., the chairman of the Contract-Team, and representati4es of
the Learning Assessment Branch.

..-

. The B.C. Research'Council; under the direction of the Contract Team,
conducted the majority of the technical and administr?tive-aspects of the
;assessment. Their responsibilities included overseeing the prInting and
distribution of the tests, answer cards, and teacher questionnaires, con-
ducting the scoring `and data analysis, and serving as statistical consul-
tants^ an& advisors to the Contract Team and the Management Committee.

L

Consultative meetings were held with several groups. Representatives
of the Contract-Team met with the Mathematics Curriculum Revision Committee
to discuss aspects of the assessment. In additio, Rev/ew Panels were or-
,ganized by the Learning Apessment Branch to discuss the objectives to be
tested in the MathematiciAssessment. Such panels. we?e intended to be as
widely.representative as possible of the various groups interested in the
mathematics achievement of students. (Additional information con erning
the structure and operation of such panels is given in Chapter 2.j Finally,
meetings were held and correspondence exchanged with representatives of
other assessment programs in North America, in order that the B.C. Mathe-
matics Assessment could benefit from their experiences.

1.1 Components of the Mathematics PaSessment 1. .

The Mathematics Assessment consists of four major-components: the Goals'
Assessment, the Student Tests, the Interpretive Analysis, and the Teacher
Questionnaire. The last component is the subject of a separate volume (Re-
port\Number 2) and will not be discussed in any detail here. The first and
secaind components constitute the substance of this r'eport and will be more
thoroughly discussed in subsequent chapters. The,rationale for and the pro-,
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cedures followed in conducting the Ipterpretive Analysis are treated in
this section. .

4 J., .

14:3.1 The Goals Assessment

It was not within the terms of reference of the Mathematics
Assessment to atter9pt to evaluate students' achievement in mathe-
matics in any particular course or program, or to evaluate the '

entire mathematics curriculum. Neither was it te objective of
this assessment to obtain information on the achievement of indi--
vidual students or !schools, or on the performance of teachers of
mathematics. It was theobjectiiie of.the assessment to obtain,-and
to make widely known, information regarding the .present state of
student learning in mathematics on a province-Wide basis. In addi-
tion, each school district is to be provided with a sunary of its
own results.

and basic decision regarding the Geals)Assessment
was to limit the mathematics content to be assessed to topics which
most informed observers would agree are. among the essential concepts
and Skills of mathematics at the three levels tested: end of primary'
educatJon (Grade/Year 4), end of elementary.eduCation (Grade 8),
and end of public schoking (Grade 12). Three levels of cogni-
tive'behaviour, called domains in the assessment, each subdivided
into a number of objectives made up the basic framework of the Goals
Assessment.

5

The process of identifying the specific concepts and skills to
be assessed was based primarily upon-"the recently revised curriculum
guide for mathematics in British Columbia. In additiOn to this basic
document, several other sources were consulted and utilized. Chapter 4
2 contains a detailed exposition of this procedure, as well as of the
rather extensive consultation that took place throughout the Goals
Assessment phase of the project.

1.3.2 Student Tests

Tests were constructed to measure students' mastery of the ob-
jectives identified in the Goals Assessment phase., A separate test
was prepared for each of the three grade levels involved. For each
test,'a total administration time of ninety minutes was allotted:
thirty minutes for instructions, distribution, and collection of the
test booklets'and answer cards, and sixty minutes' for completion of
the test. A discussion of the reliability of the students' tests is
contained in the Technical Report.

Pilot testing the assessment instruments was conducted during
the late fall of 1976 in several school districts across the province.
(See Appendik A for a list of the schools which participated in the-,
pilot testing.). Approximately 250 students at each of the three grade
levels involved wrote the`tegts, and their results were used in.deci-
ding, upon the final form of ehe tests.

2
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On the basis of the pilot testing certain #em6 were deleted,
'others were added, and still others were modified.......The majority of
modifications to items represenied efforts to improve the readabil-
ity of the stem of an item or the plausibility of thedistractors.
All additions and modifications were then tried out before being
included in the final versions of the tests.

A second purpose of the pilot tests was to ensure that students
had sufficient time in which to complete the tests since they were
not intended to _e speed tests. Results showed that the majority'of
students at each grade level required significantly less than the
total time allotted, and that virtuglly everyone was able to complete
the test in Ins than one hour.

With the exception of a portion of the Grade/Near 4 test, allof
the test items were cast in multiple-choice format with five foils or_ ,;,

distractors for each item: In every case,, the foils consisted of four
possible Answers to the item while the fifth foil was "I on'tknow".
The "I °Omit know" option Was used in an attempt to minimize gues*ing
and in order to provide an outlet for students wha, for one reason or
another, had not been exposed to the material being tested or had
forgotten it. For a more complete discussion of the use of "I don't
know" as a distractor in the Mathematics Assessment tests, see Robi-
taille, 1977.)

In an effort to assess change in students' abilities to deal with
certain concepts/and skills,. some items appeared on two or more of the
tests. For example, the same five items dealing with knowledge and
understanding of the units of th' metric system of measurement were

i used on all three tests. In several of the skill areas, the same item
or items appeared on the Grade/Year 4 and 8 tests, or on'the Grade/Year

a 8 and 12 tests. Overall, there were nine items common tb the Grade/ '-
Year 4 and 8 tests and forty-three items cdffimon to the Grade/Year 8 and,
12 tests. This includes five items which were common to all three
'tests%

The International System of Units (SI) was utilized for all test
items involving measurement; no items contained British or Imperial'
units of measurement. Furthermore, any numeral containing five or ,

more digift-was written with a space, between periods ratherr than a
comma (43 256 not, 43,256) and any decimal fraction with absoPUte value.
less 4an one was written with a zero before the decimal point (0.86
not .86), except in the case of computation items.

The decision to use the metric system of measurement exclusively
did restrict, to some degree, the number and the nature of.probem-
solving items inliolving measurement concepts. For example, it was
felt that including items dealing with the purchase of consumer goods
such as carpeting, or,concrete, or the like, irk terms of metric units
of area or volume would-make such items appear overly unrealistj.c and
unfamiliar since these terms and units are not yet in widespread use by
consumers in our society. On the other hand,'since the curriculUm
guide does call for implementation of the metric system of measurement
in the schools, any reference to the British system was avoided.

1 0



1.3.3 Interpretive Analysis

As part of the Language B.C. project which took place during
1976-77, the Learning Assessment Branch assembled a panel of eleven
educators and assigned them the task of interpreting the assessment

.

results: Such an approach to the interpretation of assessment re-
Sults is not without its problems: the procedure is necessarily sub-
jective ih nature; the panel members may not be truly representative
of the various groups having an interest in the results, and further-
more, such an analysis might give a false impression of precision or
exactitude by assigning numerical values to decisions based on such
subjective information.

On the other hand, no assessment program would be complete
without some type of interpretation of the raw data. Since no ob-,
jective standards existed at the time of the assessment, some form
of Interpretation Panel,analysis.was the only choice available. A
discussion Of some of the difficulties inherent in interpreting assess-
ment results may be found in Weiss and Conaway (1976).

Three fifteen - member Interpretation Panels, one or each of the
.4

three grade levels involved,were cou,stituted by the Learning Assess- \
ment Branch. Each panel consisted of seven teachers of mathematics
at the particular grade level, two supervisors of instruction, tw?'

teacher educators, two'school trustees, and two members of the public
at large. Every panel member reteived a copy of one of the three
assessment instruments alonApith information and instructions.

Prior to meeting as,4a group, the members of each Interpretive
Panel were asked to perform several tasks, keeping in mind the age
and level of the total population of students to which the test was
administered:

(1) Imswer each question on the test and check their responses using
the answer key provided,

(2) review the booklet in which the test items were organized into,
objectives and dqmains,

(3) estab ish, in percentage terms, two levels of performance; for
each item -- "acceptable" and "desired", remembering the range
of individual differences among students as well as.the variation
in programs throughout the province, and

(4) record the two levels for each item on the form provided for that
purpose.

At this stage, the panel' members were npt given access to the actual
results obtained by the students.

The panels met in Vancouver in early June.' Each panel was
chaired jointly by a member of the Cqntract Team and a member of the
Management Committee. The panelists were first given the provincial
results for their respective tests and asked to compare the actual
result obtained for each item with the rangejkacceptable to desired)
which they had established earlier for tharatem. Using that range

4
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8. as a general focus for consiAration rather than as a specific, arbiT
trary range allowing no latitude, they were then asked to rate each
item on a five-point scale of satisfaction:

5 = Strength
\7 Very satisfactory
3 Satisfactory
2 = Matginally satisfactory
1 = Weakness.-- poor performance

The criteria of'satisfaction were unique to each panelist and depended
upon what each one 'felt' student performance' on a given type' of item

, should be. In arriving at their decisions, they were asked to bear in
mind the following factors:

(1) the total PopUlation'of students at this level in British-Columbia,

(2) the wide range of individual differencgs present Within the Fade
level,

4-" c,

(3) the considerable variation in instructional goals and/or methods
throughout the schocils of the province, and

(4) the difficulty of the items.
4 ,

Upon completion, of this individual task, the panelists formed seven .
sub-groups of two or three members in order to, compare their ratings
and to arrive at a consensus rating. They.were also asied to record

pair ratings were then averaged and discussed- view td obtaining.,
any comments they.might care.to make. The result even sets of%

group agreement on each item. An opportunity was pxovided for strong
minority opinions to be recorded,.

Finally, each panel was divided into thxee group of five as
follows:

Group A Group B

1 Teacher Educator 1 Teacher
1,Supervisor 1 Supervis
2 Teachers 2 Teachers
1 Public 1 Trustee

. tr

Each group was assigned-one domain (i.e*, a set of related objectives)
and was asked to provide anecdotab comments for each objeCtive in its
assigned domain. The comments were to identify strengths and weak-
nesses of student performance based upon the items used tameasure the
objective. In soar cases, comments upon performance by slbdents on
individual items were given.

When all threeoup s were finished, the panel re-assembled to
discuds the anecdotal, comments. Modifications were made where they
were deemed appropriate, andlany strong minority views weri:recorded. V

ator

Group C

1 Public
1 Trustee
3 Teachers
, a

F

12.
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The information gained from the deliberations of thepterpre-
. tive Panels was used by the authors of this report 4.n commerting.upon
the results of the assessment. Although the procedure used does lack
some air of precision attributed to strictly numerical comparisons,
the wealth of experience which the members of thepanels brought to
bear upon their examination and interpretation of the results gives
their interpretations considerable credibility.

9

1.3.4 Teacher Qudstionnaire

Two questionnaires, one for eachers df elementary school mathe
matics and the other for teachers f seconds school mathematics, were
developed for use in the Mathematics Assess ent. The questionnaires,
which were answered anonymously, dealt wit various aspects of the tea-
chers' backgrounds and training as well as with facets of the method-
olosy of teaching mathematics at different level?, andwith instruc-
tional materials used by teachers of mathematics.

Teachers of mathematics at each of Grades 1, 3', 5, 7, 8, 10,
and 12 were systematically selected as potential respondents to one
of the questionnaires. Those selected were mailed a questionnaire
shortly after the administfation of the student teats. Of the 3451
questionnaires sent out, 2955 were returned completed for a return
rate of 85.6%. The data obtained from the questionnaires are analyzed
and discussed in Report Number 2.

1.4 Student Characteristics as Reporting Categories

A npmber of factors are either known to be or are strongly suspected
of being related to students' performance in mathematics. While it would
not be possible to identify a casual relationship between a given student
characteristic and performance on the assessment test as a part of the
Mathematics Assessment, it is"possible to identify variables that appear
to be related on the basis data collected. Relationships so iden-
tified may lead to fol up studies specifically designed to identify
cause and effect relationships on the basis of the correlational results
discovered in the assessment program.

As a part of each of the three Mathematics Assessment tests, students
re asked to report on several aspects of their personal backgrounds. A

list of the reporting categories which were used as well as the grade
leVels at which they were used is given below. Each is accompanied by a
brief statement which attempts to explain why each such reporting category
was used. I

1.4.1 Mathematics Background (12)

\Students with extensive backgrounds in mathematics will undoubt-
edly outperform students who, for example, have studied no mathematics
.since completing their last compulsory course in Grade 10. Many indi-
viduals and groups expressed an interest in seeing how this latter
group of students would do on the test.

13
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7i0
1.4.2 Date of Birth (4, 8, 12)

q
There is some evidence (Callahan and Glennon, 1975) .that, in

the lower grades at least, chronological age has.an effect on mathe-
matics achievement. Although the results are not consistent, older '

. , children appear to achieve better in mathematics than do their yopnger
classmetes and,this effect seems tapold more for boys than it does)
for girls.

-...

1.4.3 Sex Of 8, 12)

There is currently a considerable amount of interest.in the
area of sex differences in achievement in mathematics. Several major
studies, notably the National Longitudinal Study of Mathematical Abil-
ity and the National Assessment of Educational Progress (NAEP News-
letter; 1975) both in the U.S.A., have stated that boys, after the
age of 13, consistently outperform girls at the higher levels of cs,%-
nitive functioning in mathematics. More recently, Fennema (1977) has
seriously questioned these conclusions and has obtained evidence which
fails to show any sex differences in achievement.

1.4.4 Number of Schools Attended (4, 8, 12)

Many educators believe that there is an inverse relationship
between the number of schools attended by a student and that students'
achievemerit. Results from Language B.C. (Evanechko and 4aith, 1976)'
showed a consistent decrease in performance in reading with an increase
in the number of school's attended. As Evanechko and Smith warn, how-
ever, such results must be interpreted with caution. "It may not be
the mere fact of moving to another school that results in lessened
performance as much as it could be various emotional and social fac-
tors associated with the move or perhaps the instability of the family
or even the family's socio economic status." (p. 27)

1.4.5 Residence in Canada and Language Spoken (4, 8, 12)

Length of residence in Canada and langua e spoken were found
to be quite highly related to reading performance in Language B.C.
'(Evanechko and Smith, 1976). As the percentage of non-native speakers
of English in the schools ofthe province continues to grow, informa-
tion concerning the relationship between that variable and achievement
in all areas of the curriculum, including mathemadtS, will be increa-
singly important.

1.4.6 Number of Hours of Television Watthed (4)
-NS

The cover story in a recent issue of Newsweek magazine discussed
the predominatly negative effects on children of television watching.
Among the many results in this area, the relationship reported by,
Language B.C. is interesting. "There is generally an increase in per-
formance in reading with an increase in television watching up to two
hours per day, then a slow decrease to the four or more hours per day
category" (Evanechko and Smith, 1976, p. 32).

14
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If any relationship between television viewing and mathematics
achievement does exist, it may prove to be related in an importantN-
way to one or more variableS more closely linked to school performance;
e.g., time spent on out-of-class assignments.

1.4.7 Use of Hand-Held Calculators (4, 81'12)

Hand-held calculators are fast becoming ubiquitous and will
`undoubtedly have an impact in the field of Mathemitics Education.
Although it may be too .early to.look for or to expect to find evidence
of a relationship between use of such, devices and mathematics achieve-
ment, educators should be aware of the extent to whiCh students make
use of calculator both_h n.atd out of school. In addition the data
obtained now shodld be useful for comparison purposes in future ass-
essments.

1.4.8 Time Spent on Homework (8, 12)

The evidence regarding the effect of homework assignments on
students' achievement is, as is so often the.case in education, equi-

,

vocal (Callahan and Glennon, 1975). Perhaps because of this, teachers
at all levels seem to be assigning less and. less homework. With the
information gained from this item, it is possible to compare perfor-
mance on the assessment test with the amount of time.students reported
spending on homework.

1.4.9 Parents' Educational Background (12)

The National Assessment of Educational Progress reported that
students' achievement in computation varied directly with the highest
level of education attained by their parents (NAEP, 1975a). The data
obtained here provide an opportunity to relicate the NAEP finding in "Tt.

,a different social context.

1.4.10 Future Plans (12)

Students' future 'Plarq pbably are highly correlated with
their mathematics backgrounds. ',That is, the more academically orien- °

ted students will likely take more mathematics, perform better -on the
tests, and proportionally more of them will plan to continue their
studies aethe post-secondary level;

1.4.11 Out-of-School Work (12)
;:

Many secondary students hold part-time0obs which occupy a

considerable portion of their out-of-school dine. The purpose of
this item was to collect information which could indicate theidirec-
tion, if any, in which such involvement affects mathematics achieve-
ment.

Assessment tests initfading were also given at the Grade 8
and 12 levels, and thee tests contained similar, and in some cases
identical, background and information questions. For example, on

.15
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12
both the Reading and the Mathematics test, students were asked their
date of birth, sex, and number of schools attended. Because of the ,

common items, it was possible to merge the two sets of data and obtain
a new data file containing the information and results obtained on;

' both-of the tests. Matches were obtained for 66% of the Grade 8 stu-
dents and 63% of the Grade 12 students. This new file was used to,
obtain further information on student background, as well as to cor-
relate some aspects of student performance in reading with the same
students' achievement on some mathematics objectives. For example,

was then possible to obtain' a measure of the correlation that exists
between reading comprehension and the ability to solve mathematics
problems.

The results obtained from the recording category data are dis-
cussed in Chapters 3 through 6. Not every comparison that was made
has been reported. Because of limitation.,0 of time and space available,
only those deemed to be most important of interesting have been men-
tioned.

to'
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In the chapter, "A View of Education," Bloom et aZ (1971) list five

areas they intend to encompass in their discussion of evaluation in
education. All five areas'are concerned with using evaluation to improve
teaching and learning. Of.the five areas, the one that generates the most
immediate impact is, "Evaluation as an aid in clarifying, the significant
goals and, objectives of education and as a process for determining the
extent to which students are developing in these desired ways." (p.7-8).
In general terms, the Mathematics'Assessment measured the extent to which
students were developing with respect to the essential skills of mathe-,
matics in British Columbia.

In more specific terms, the Mathematics Assessment measured-the extent
to which students at the end of their primary, elementary, or public school-
ing have mastered what might be termed the minimum essentials of mathe-
matics. Many sources were used in deciding what to include as minimum
essentials: i.e. wha every student at,the specified grade level should
have learned. Some the more useful of these sources are described below.
References to specific publications which were of importance to the Mathe-
matics Assessment are listed at the end of the chapter.

tt

1. Publications of the National Assessment of Educational Progress:
The Education Commission of the States created the Committee on
Assessing the Progress in Education, which has since been re-
named NAEP, to initiate a project through which ten areas of the
curriculum, including mathematics, would be'assessed on a nation-
wide bails on a three-year cycle. Mathematics was first ass-
essed A 1972-73 and re-assessed in 1977. NAEP publishes individ-
ual papers:reports, and a newsletter.

2. F'ublicationsof the School Mathematics Study Group (SMSG): SMSG
was undoubtedly the 4b st influential of the groups that produced
experimental, mathematics curriculum materials during the 1960's
and early 1970's. In-addition, SMSG directed the -National l'on-
itudinal Study of Mathematicalbilities ( NLSMA).' NLSMA was a
longitudinal study designed, to assess the mathematical abilities
of students in grades 4-12 during the period 1962-,67. From
1958 through 1973 SMSG published many newsletters and reports.

3. Publications of the Nationaapuncil of Teachers of Mathematics
(NCTM): The NCTM puillished a series of,articles dealing with

,

NAB? results from the Mathematics Assessment in Th'e Arithmetic
Teacher and The Mathematics Teacher between 1975 to 1977. Other
artic es on:assessing. mathematical skills have- appeared period-
ica y in NCTM publications. The NCTM has also used its journalsfr)

to publish articles on basic skills. A statementof NCTM's of-
ffcial position on basic skills appeared in the'March 1977 issue
of the NCTM Bulletin for Leaders, March 2977.

c
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4. State Assessment Program.s: Many states in the U.S.A. have imple-
mented their own statewide mathematics assessments programs.
The materia produced by several of the state assessment pro-
Wams were seful in the planning of the Mathematics Assessment
for Britis Columbia. 1.

e
' 5. Mathematics Curriculum Guide Years One to TWelVg:'Th-e official

Mathematics Curriculum Guide sued by the Ministry of Education .

of B.C. was` the one publication m9st frequently used in the
planning of the B.C. MathematicSAssessment. The Guide contains
the mostaccurate reflection of the current content presented
in the mathematics classes in the schools of B.C., and includes
the grade placement of the different mathematics topics.

The procedures used in going from a general set Of statements about
,04Sysment to the specific objectives tolie measured in the B.C. Assys-
men of Student Learnings in Mathematics are described in the remainder

thid ch-apter.

2.1 Development of the Item Specificationkodel

6

4
'On the b sis of suggestions and ideas gleaned from the sources'...

described abo e as well as ftom consultations with educators locally,
work was beglin on the development of an Item Specification Model (see
Figure 2-1) for the Mathematics Assessment. As has been suggested else-
where (Bloom, et al, 1971), the development of such a model is a necessary
first step in the planning of any major evaluation,program such as this

assessment.

APPLICATIONS

COMPREFI
NSION

COMP TOON
LEDGE

0

4) t
Aft

Figure 2 - 1: Item Specification Model for the B.C. Mathematics Assessment
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All major assessment projects in mathemfticsj including NLSMA,
NAEP, and the International Study of Educational Achievement (IEA)
have developed models upon which to base their evaluations. The
purposes served by the models may have vatiedy but their use is uni-
versal. One of the main purposes served by the Item,Specification
Model was that it focused attention upon the fact that mathematics
achievement is multi-faceted. Since mathematics.achievement is not
a unitary trait, tie assessment strategy applied must include different
measures of various aspects of mathematics.

Mathematics achievement is multi-faceted;' the Item Specification
Model is-multi-dimensional. The first dimension on the model is
grade level. "As described earlier, the'three pofhts on the K-12 con- .

tinuum selected for testing were end of primary education, elementary
education, and public schooling. Since one cannot reasonably expect
that all of the Grade 3 mathematics curriculum has been covered before
the end of year 3, the assessment instrument was administered in year
4. Similarly Grade 8 was chosen for aOministratiokgf the end of
elementary education assessment. In order to assess student perfor-.,*
mance in mathematics at the end of their public schooling, the ass-
essment instrument was administered to all students in Grade 12.
However, since mathematics 4 not required after Grade 10, the mathe-
matics content on the assessment instrument administered in Grade 12
was restricted to the Grade 10 level or below.

The second dimension of the Item Specification Model is content,
that mathematics which was to be tested. Of all the' major mathematics
content areas that could have been used, the following four were
selected: Number and Operation, Measurement, Geometry, and Algebraic
Concepts. Topics classified as belonging to the number And Operation
category dealt with the nature and properties of whole numbers, integers,
rational numbers, and real numbers as well as with techniques And prop-
erties of arithmetic operations. The Measurement category included
topics such as selecting the most appropriate unit of measurement] famil-
iarity with metric units of measurement, area and perimeter, angular
measurement, and scale drawing. Topics in the Geometry category dealt
with the identification of geometric figures, classification of angles
and triangles, parts of the circlt, and the Theorem of Pythagoras.
Topics in the Algebraic Concepts category were concerned with graphs,
writing algebraic expressions, simplifying and evaluating polynomials,
linear and qua4atic equations, slope of a line, ancbsimultaneous equa-
tions.

e final dimension of the Item' Specification Modkl consists of
three 1 els behavior, Which are referred"to as domai0. Definitions
aria-Appilations, were adapted from Wilson's definitions of cognitive
behaviours (Wilson, 1971-, p". 648-649). The Computation and Knowledge
'domain encompasses areas such as knowledge of specific facts, knowledge
of terminology, and ability to use algorithms." TherComprehension domain

includes knowledge of concepts, knowledge of principles, rules, general-
izations, ability to transform problem elements from one mode totanother,
and ability to read and interpret a problem. Ability to sqlve routine
problems,nability to analyze data, and ability to recognize patterns

2/
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.belong to the Applications domain.

)

The d2main dimension of the Item Specification Model is hier-
archical. The Applications domain is more cognitively complex than
.Comprehension, ich is in turn more complex than Computation and .

Knowledge. Fallowing are three items toiken from the Grade 4 ass-
essment test. Each item measures an a4ect of Numbet>and Operation
area of the Model, but each is from .a different cell ln,the Domain
dimension of the Item Specification Model:

(26) Add: 185
+4]2

' (45) The 2 in 2645 means: 2 hundreds 17
thousand's

2 ones /7
2 millions / 7

I don't know

(53) / On Monday, 185 people saw the morning wffale shovis'and
412 people saw t afternoon whale shows. flow many
people saw the hale shows that day? ;

597 (: /77

697 . OOOO /-7

32T . le

373

I don't know.. //

Item 26 belongs to the Computation and Knowledge domain; Item 45
0) the Comprehension domain, and Item 53 to the Applications domain of
Number and OP44tion content area. It should be noted that in order to-
solve Item 53.,1,$5 and 412 must be added This is the same computation
as-required in Item 26. a

The Item SPcification Model for the MathemAtics AssesSment is a
3 x 4 x 3 "cube". three grades (4, 8 and a2), four major mathematics
content areas ( umber and Operation, Measurement,'Geomatry, and Algebraic
Concepts), and/three domains (Computation and Knowledge, Comprehension,
and ApplicatiOns). The essential idea of the model is that the objectives
and teat items for the Mathematics Assessment can, be classified in three

I

Jta

9.

ways: by gr e, by content area, and by domain.

The m del, as simple as it is, emphasizes the comprexity- of outcomes
of mathe tics learning. Many important areas of mathematics are not
included, and no mention is made of attitudes toward mathematics. In
this ass ssment, concern was limited strictly to cognitive outcomes,
It is a so true that although the model contains thirty -six cells. some
of the are empty. For example, no attempt was made at the Grade /Year 4
level o test the area of Geometry, and the Algebraic Concepts domain
at th t level'included only two graphing items.

22



2.2 of Development of Domain and -Objectives

Much attention has been given recently to the importance of stating
objectives for education. Books on teachirig methods,strets educational
objectives, teacher-training courses typically have a requirement that
lesson plans prepared by student teachers include a statement of objec-
tives, and the mathematics textbooks used in the schoolks of B.C. all
include statements of objectives for lessons or units in their teachers'
edi5ions. In similar fashion, a set of specific objectives-correspond-
ing to the domains discussed in the previous section was' developed for
use in the Mathematics Assessment. This set of objectives went
through a very lengthy, process of, reView and revision. Each objective
generated was studied by the Contract Team, and the Management Committee.
The penultimate version of the set of objectives was then submitted to
four Review Panels for review and revision.

2.2.1 Review Panels

Four Review Panels were organized to afford people who were not
involved in the creation of the objectives an opportunity of examin-
ing and proposing amendments to the objectives before the student
tests were developed. The panels met with representatives of tie
assessment program to discuss the objectives and to seek to improve
them.

The members of each Review Panel were chosen by the Learning
Assessment Blanch from a list of teachers most of whom had been
identified by their district superintendents as being highly
qualified in the field of mathematics., school trustees nominated
by the Ministry of Education, and lay people who were identified in
several ways, but mainly by school district superintendents list-
ing people active in their communities. The basic make-up of each
of the four mathematics Review Panels is presented in Table 2-1:

Table 2-1

Review Panel Members

Richmond Haney Castlegar Victoria

11 Teachers

1 Trustee

-1 Supervisor

11 Teachers 13 Teadhers

3 Supervisors

1 Principal

1 Lay person 4 Lay persons

1 Administrator , 2 Trustees

3 Lay persons

3 Supervisors

11 Teachers

2 Principals

3 Lay persons

2 Trustees
r

1 Teacher Educator

Each member of the Review ,Panels was sent a'copy of the object-
ives for the Mathematip Assessment. Accompanying each objective
was an example item at could be used to measure the objective.
Before coming to the all-day meeting each panel member was asked to

6
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examine and consider these objective 1 to make suggestions regard-
ing the possible Oes and methods o dissemination of the ingog-
matioh gathered, to suggest other types of information they would
like to see gathered,'and to propose ways in which such information
could be collected by the Mathematics Assessment Program..

.

..,

The meeting of each Review Panel began,with the entire group
discussing tht Item Specification Madel and commenting on each' .

dimension and each category of each ditension. The Review Panel ,

and assessment representatives then divided into three subgroups,
ont for each of three grade levels involved in the assessment.
Each subgroup discussed the objectives for its grade level. When
the discussion was completed the entire.group reconvened and each
subgroup reported the results of its discussion to the entire group.
The Review (Panel then made its fins], critique and the results were
reported t the assessment group.

Two meetings were also'held with the B.C. Mathematics Curriculum
Revision Committee. The meetings were organized in a manner similar to
the Review Panels except that the Revision Committee did not subdivide
to examine each-grade level. The committee as a whole considered the
entire set of objectives.

Additional feedback concerning the objectives was qbtainea by having
the objectives published in Vector (Kelleher, Ot-fa-17-1916),,,the journal
of the B.C. Association of Mathematics Teachers and by discussing the
objectiVes at the Summer Mathematics Confdrence of the B.C.A,M.T., at the
Northwest Mathematics Conference, and at several professional day meetings
of school districts.

,4t
-'

The final version of the objectives, organized by grade level and
domain, are pregented in Tables 2-2 through 2-4. The right hand colimin.
in each of the three tables gives the number of items on the assessment-
instrument used to measure mastery of the accompanying objective.
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Table 2-2

-N
Domains andObjectives-fcr Grade/Year 4V

23
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DOMAIN OBJECTIVE
NUMBER
OF ITEMS

1. Computation and
Knowledge

A

2. Comprehension

3. Applications

/

/

1.1 Mastery of Number. Facts

1.2 Addition of Who4i Numbers

1.3 Subtraction of Whole Numbers

1.4 Knowledge of Notation and
Termino.0-gy --A,

,

2.1 Understanding of Place'Value
Concepts -

2.2 Understanding of Number Properties

2.3 Understanding of Measurement
Concepts.

2.4 Understanting of FractionConcepts

3.1 Solve Computational Problems

3.2 Solve Practical Problems

,

J

24

5

5

6-,,

6

4

5

2

6

6

The Grade/Year 4 Mathematics Assessment instrument contained sixty-
items measuring mastery of ten objectives. The data in Table 2-2

show that the major emphasis in this assessment was in the Computation
and-Knowledge domain. Of the forty items in this domain, twenty-four
were used to assess the Mastery of Number Facts objective. These items
took the form of six number facts for each of addition, subtrhction,
multiplication, and division. In addition to the number fact items, there
were ten addition and subtraction exercises requiring'use of the -1gorithms.

InAhe Comprehension domain the emphas4 was still on numbers, in
particular-understanding place value concepts, and number properties. There
were five items on measurement and two on fraction concepts. The Applic-
ationscdomain was evenly divided between 041putational problems and
problems termed practical: i.e. working"with time, money, graphs.

Several cells in the Item Specification Model were not tested at
the Grade/Year 4 level. Such exclusions occurred for two main reasons:
either the content was not part of the Grades 1 3 curriculum or the
material,gould not be adequately assessed by means of a paper and pencil
test. For example, in the primary grades very little is done with the
algorithms for multiplication and division. Certain sets of numbers, for
example, decimals, are no9presented in the primary grades.

Geometry, on the other hand, is discussed in Grades 1 - 3, but is
not listed among the objectives for the Grade 4 Mathematics Assessment.

c 2'

r



ti

a

24
The geoietry instruction in the primary grades is based upon the manip=
elation of concrete objects. The two geometry oOectives'for,Grade 3,

. listed in the'Curriculum Gulp are,as follows:
iThe student nstructs simple geometric models

of solids and plane, shapes. #
the student recognize'S axis of symNetry from experiences
with'conCrete materials.

,
Given that the assessment instrument was a paper and pencil test, the,
geometry objectives could not be includedon the Grade.4 mathematics
assessment.

Table 2-3 contains the domains, objectives, and the'number of items
per objii-tOe f9r the Grade 8 Mathematics Assessment instrument. The
test contained sixty. items measuring acquisition of twelve objectives.

J

Table 2-3

Domains and Ob'ectives for Grade

DOMAIN OBJECTIVE
-.NUMBER
OF ITEMS

1. Computation and , 1.1 Gomputationla Numbers
Knowledge

1.2 Computation with Rational Number) 4
°' in Fraction Form,,,,-

1.3 Computation 4th Rational Numlbers
in Decimal Form

1.4 Knowledge of Notation and 9
Terminoiogy

1.5.Knowledge'of Geometrfc Eacts 4

\NJ...6 Equivalent Forms o tional 5
14 Numbers

Comgcaiension of Number Concepts 6

2.2 Comprehension of Measurement 5
.' Concepts

2.3 Comprehensibn of Geometric Concepts .4

2.-,P Comprehension of Algebraic Concepts 3

3. Applications 3.1 Solve Problems,involvidg Operations 7
wi0 Whole Numbers, Fractions,
Decimals, and Percent

3.2 Solve problems involving Geometry 3
and Mtasuremeni

2. Comprehension

5

4Ia
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The emphasis in the Computation and KnOwledge domain for Grade 8 is

on computation with different sets of numbers. Assessment of knowledge

of geometric facts in included in the Grade 8 assessment. Geometry, in

fact, is a factor in each domain for the Grade 8 assessment. All four
content areas are assessed in the Comprehension domain, but with varying
numbers of items. The emphasis in the Applications domain is on solving
problems using different sets of numbers and nuraVers in different forms.

A compar\ison of Tables 2-2 and 2-3,shows that the ma
betwegn the Grade 4 and 8 levels are , nclusion of geometric

concepts aidiii-tre-s 1 n emphasis in the Computation and KnOwledge
`domain in the Grade 8 test. By Grade 8, computation includes all four
basic operations with whole numbers, rational numbers in fraction form,
and rational numbers in decimal form.

25

Table 2-4 lists the domains, objectives, and the number tf items per
objective for the Grade 12 Mathethatics Assessment. The test contained

seventy-two items measuring acquisition of eleven objectives.

Table 2-4
-,

Domains and Objectives for Grade 12

DOMAIN

NUMBE

OBJECTIVE OF ITEMS

1. Computation and
Knowledge

1.1 Computation with Rational Numbers
in Fraction Form

1.2 Computation with Rational Numbers
in Decimal Form

1.3 Knowledge of Notation and

Terminology

4

5'

14

1.4 Knowledge of Other Algorithms 7

2. Comprehehsion 2.1 Comprehension of Number Concepts' 6

2.2 Comprehension of Measurement 5

Concepts

2.3 Comprehension of Geometric 4

°Concepts

2.4 Comprehension of Algebraic 9

Concepts *

3. Applications 3.1 Solve Problems Involving 9

Operations with Whole Numbers,
Fractions,, Decimals,' and Percent

3.2 Solve Problems Involving 7

Geometry and,Measurement

3.3 Solve Algebraic Problems 2

a
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In the Computation and Knowledge domain, the Knowledge of Notation

and Terminology objective involves several more items than were required.
for Grade 8. Computation with RatiOnalliumbers is'still included, but
Knowledge bf Other Algorithms has been' added. The Comprehension domain
for Grade 12 looks very similar to that for Grade/8 except for Comprehen-
sion of Algebraic Concepts whi.0 assumes a more important position .in Grade
12 than it had in Grade 8. TheApplitations domain is most comprehensive
for Grade 12, involving eighteen itemLI Algebraic problems are presented
for the first time and the other two categories have more items than in
Grade 8, particularly geometry and measurement problems.

The Grade 8 and 12 objectives hay similarities. In fact, many
of the items on the Grade 8 mathematics ssment were repeated for the
Grade 12 assessment. The common items were used for comparison purposes.

The set of Grade 12 objectives, unlike Grade 8, includes no refeience
to computation with whole numbers; it is replaced by knowledge of other
algorithms. The Grade 12 set of objectives reflects a much stronger
emphasis on the Algebraic Concepts content area and the Applications do-
main.

The distribution of items organized by grade and content area.is
presented in Table 2-5 below. Since the tests were of differing lengths
(Grade 4 69 items, Grade 8 - 60 items, Grade 12 - 72 items), the data
presented in Table 2-5 are percentages. The -fact that some of the rows
in the table do not have a total of 100% is due to the effect of round-
ins each percentage to the nearest whole number.'

Table 2-5

Percent of Items in Each Content Area by Grade

Content Area

Number and Algebraic
.

Grade Operation Measurement Geometry Concepts

4 78 17 0 4 3
m .

13
63 17 12 8 %:,

12 50. 15 15 19 R'

The data in Table 2-5 show a decreasing emphasis on the Number and'
Operations content area as grade level increases, and an increasing
emphasis on the Algebraic Concepts content area. The Measurement.conteni
area has a very consistent emphasis as does Geometry in Grades 8 and 12.

The distribution of items organized by domain and grade level is
presented in Table 2-6. As with Table 2-5, the data in Table 2-6.are
percentages.
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Table 2-6

Percent of Items in Each Domain by Grade

Domain

Grade

Computation
and Knowledge Comprehension

.

Applications.

4 58 25 17

,8 53 30 17

12 42 33 25

The data in Table 2-6 show several patterns. The percent of items

decreases as the level of compleXity of cognitive behavior increases.
Within a domain the emphasis remains rather stable for the three grade
levels with a slight decrease in the Computation and Knowledge domain as
grade level increases and slight increases in CompraLeasi9A-and Applic-
ations domains.

The data presented in Tables 2-5 and 2-6 reflect the goalg of the
'B.C. Mathematics Assessment program. The major goal was to assess student's
performance on some of the essential skills of mathematics which are pre-
dominantly number and operation oriented. Although the assessment examined
students' knowledge and computational abilities, it did not ignore the
cognitively more complex domains":,

23
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This chapter contains a discussion .of the Grade/Year 4 results for
each item and for each objective asseiSed.- A limited number of items
from tlie assessment instrument are presented and discussed as illustra-
tive examples; however, becalise of space limitations, it was not possible
tq discuss each-individual item in ,detail in this chapter. A companion
volume in the series, Report Number 3: Technical Report,, contains summary
information about each item on each of the three tests. Copies of the
Technical Report.may be obtained from the Learning Assessment Branch,
Ministry of Education.

3.1 Description of the Test

The Grade/Year 4 test contained sixty-nine items designed to assess
students' mastery of, ten objectives of the primary grade mathematics
curriculum which were grouped into the three domains. In addition to
these mathematics items, the test contained thirteen background inform-
ation items which students were asked to complete before taking the test.

Items 1 - 39 on the Grade/Year 4 test were open-ended. Items 40 69
were multiple-choice exercises. Students responded to the test items in
the test booklet itself by either writing the answer for open-ended exer-
cises or marking their choice of answer with an "x" fbr the multiple-
choice items. The information from the booklets was then keypunched into '

machine-readable format.

33
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One and one-half hours were alloyed for the test: thirty minutes
for instructions, distribution and collection of the test booklets and
completion of the background information. items, and sixty minutes for
completion of the test itself. The background informatibn items were
administered first. Teachers adminitering the test were asked.to read
each of thfse items to their students and to assist them in completing
the items correctly.

The test itself was divided into thr6.e parts. Part 1 was timed and
consisted of twenty-four basic fact items, six for each of the operations
of addition, subtraction, mukiplication, and division. Students were
given four minutes to complete this portion of the test. Parts 2 and 3
were not speed ,tests; students were given ope hour to do the items on
this portion of the test. Part 2 consisted of fifteen items dealing
with computatio91 skills.1 These were open-ended &tem. Part 3 contained

.thirty multiple-choice exercise's.

3.2 Description of the Population .

The Grade/Year 4-Mathematics Assessment was designed for all students
enrolled in their fourth year of schooling. According to statistics
released by the Ministry of Education, 36 540 children were enrolled at
that level as of 28 February 1977, The Mathematics Assessment test was
written by 35 277 students, or 96.5% of the total. This falls well within
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the normal range 4if attendance at this grade level. The best information
available from the Ministry of Education is that 6% absenteeism is the
amount that may be expected of any given day at the elementary school
level.

3.2.1 Distribution by Sex

Approximately one thousand more. boys than girls took part in the
assessment. Overall, as is shown in Table 3-1, 51.1% of the.respon-
dents were boys while 48-3% were glrld. This slight preponderance of
boys was repeated at the Gtade 8 level, but reversed at the Grade 12
level.

Table 3-1
Grade/Year 4 Sex of Respondents

Sex Frequency Percent

Male 18 046 51.-1\\
Female 17 053 48.3

No response 175 0.4
Multiple response 3 0.0

3.2.2 Age.

The assessment instrument was administered during the month of
March 1977. At that time, students who were age 6 -at the time of

- their enrollment in school should have been either 9-or 10 years old.
The data presented in Table 3-2 show that the vast majority of stud-
ents at the Grade/Year 4 level do fall within the normal range f
ages expected.''

Table. 3 -2

Grade/Year 4: Ages of Respondents

Age Frequency Percent

7 or younger
4 121 0.3

8 "c 1 359 (-' 3.8
9 20 768 V/ . 58.8

10 10-987 31.1
11 1 537 4.3

12 or older 149 0.4

9 No response .---. 356 1.0

Or
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3.2.3 Number of'Schools Attended

The results of this item attest to the high degree of mobility
th4t exists among the families of British Columbia since the number
ofNchools attended by a child Is highly correlated with number

of residences In which the child has lived. Slightly more an 111,

of 'students at the Grade/Year 4 level had at the time of:th s
essment already attended at least four schools since they enrolled

in Grade 1. Less than half the, population had been in only one

school since the beginning of Grade 1.

Table 3-3
Grade/Year 4: Number of Schools Attended

Number Frequency Percent

1 15 694 44.4

2 10 021 28.4
t 3 4 944 / 14.0

4 or more 3 974 11.2

No response 388 1.0

Multiple response 256\ 0.7

ts

3.2.4 National Origin and Languages Spoken

The data obtained regarding students' -country of origin (see
Table 3-4) must be interpreted with caution because of the large
number of children (over 13% of the total) who failed-to respond.
This lack of response may be due to the students not knowing in

which country they were bo In any event, the data indicate that
approximately 75% of the ruudents enrolled in Grade/Year 4 are of

Canadian origin.

:Table 3-4

Grade/Year 4: Country of Origin

Country Frequency Percent

Canada 26 215 75.3
.3

Other 4 389 12.4

No response 4 661 13.2

Multiple response 12 0.0

35
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Students were asked"to respond "Yes" or "19o" to the question "Is
English the language usually spoken in your home?" Th4 results
presented in Table 3-5 indicate that-approximately 15% of the
Children at this level have some language other than-English as a
first language. This compares to a rate of approximately 10% at
the Grade.8 and 12 levels as determined by the Reading Assess-
ment which was administered during the same week as the Mathe-
matics Assessment.

Table 3-5
Grade/Year 4: Language Spoken at Home

Language Frequency Percent

English
Other

'Igo response

Multiple response

29

5

596

235

394

52

'

83.8
14.8

1.1

3.2,5 Television Viewing Patterns

In response to the question "About how many hours of tele-
vision do you watch on an average day during the week?", approxi-
mately one child in every three at the Grade/Year 4 level indicated
watching five or more hours of television per day during the week.
The same question was asked of Grade 8-and k2 students on the Read-
ing Assessment instruments,/-and their results indicate that about
25% of Grade 8 and 7% of Grade 12 students spend that much time view-
ing television.

Table 3-6
Grade/Year 4: Hours of .Televi'Sion Watched Per vay

Time Frequency -Percent

Usually none 1 396 : * 3,9
Less than 1 hour 1 383 3.9.
About 1 hour 3 013 8.5
About 2 hours 5 843 16.5
About 3 hours 6 791 19.2
About 4 hours 5 949 16.8
5 hours or more 10 902 30.9 4

36



-These data mean that 30% of our children are spending at least as
much time watching television on a weekday as they are spending in
school. A great deal of research istneeded if we-are to understand
and deal with 4e implications of this activity which consumes an
:enormous paft of our students' out:of.-school time. Some recent
findings such as those reported by Language B.C., indicate that watch-
ing an excessive amount of television is associated with poor perfor-
mance in reading.

3.2.6 Sand-Held Calculators

The hand-held calculator is the latest in a series of teaching
and learning aids which seem to hold promise for the improvement of
students' achievement in and understanding of mathematics.. A good
deal of research interest in the field of Mathematics Education is
currently focused upon an examination of the effect of the use of
hand-held calculators in the mathematics classroom.

As part of_the Mathematics Assessment, students,at all three
levels involvgd, 4, 8 and 12, were asked several questions concern-
ing their usekof hand-held calculators. Their responses to these
questions are summarized in Table 3-7.

Table 3-7
Use of Hand-Held Calculators

37-

Responses in Percent

Category of Use Grade 4 Grade 8 Grade 12

Have never used a calculator 23.3 question not asked
Have used a calculator at home 49.9 35.1 -50.6
Have used a calculator for homework 12.8 28.9 55.7
Have.used a calculator in school 3.0 10.1 51.2

The fact that only 3% of children in Grade/Year 4 have used a
calculator in school may be indicative of the fact that educators
are -not convinced of the advisability of using calculators with
students at this level.

3.3 Test Results: Computation and Knowledge Domain

As discussed in Chapter 2, the sixty-nine items on the Grade /Year 4
test were divided among three domains: Computation and Knowledge (40
items), Comprehension (17 items), and Application (12 items). Each domain
was sub-divided into a number of objectives and items were, generated to
measuerinastefy of the objectives. In this Section, the results from the
Computation and Knowledge domain are discussed, objective by objective.
For each objective,.the following information is provided in tables: the
number of the item or items from the test, the percent of students who
obtained the correct answer, and the judgment of the Interpretatioh Panel
concerning the acceptability of ,the result.

37
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3.3./ Mastery of Basic Facts

The term 'basic facts' refers to sums and products of pairs of
sthgle digit_whole numbers, as well as to their corresponding diff-
erences and quotients. Thus 9 + 7 = 10, 14 - 6 = 8, 6 x 4 = 24, and
48 ; 6 8 are basic facts, whereas 11+ 5 = 16, 14 - 3 = 11,
12 x 7 = 84, and 45 ; 3 = 15 are not.

According to the current Curriculum Guide for Mathematics, stu-
dents are expected to have m4stered all 'of the basic fiEts,for addit-
ion and subtraction by the end of Grade 3, as well as those'hasic
facts for multiplication and division with products or dividends
less than 50. To assess attainment of this goal, students were given
four minutes to respond to twenty-four basic fact items, six items
for each operation. .The results obtained are presented in table 3-8.

Table 3-8
Grade/Year 4 Results (N = 35 277)

Objective: Mastery of Basic Facts (mean = 88.3%)

Item Nos. Operation Percent'Correct Panel Judgment

1 - 6 Addition 96.6 Strength
7 - 12 Subtraction 92.6 Very Satisfactory

13 - 18 Multiplication 88.4 Very Satisfactory
19 21 Division 79.1 Satisfactory
22 24 Division 73.7 Marginally Satisfactory

4

he Panel members were pleased with the results for the first
three,operations, but less so with the division results. ,They said
that the lower performance in division might be due to several factors
such as the difficilty of division, or the placing of the division
items last. Some Panel members expressed concern about the emphasis,
on division facts in the primary grades, since many children sE1-11
require concrete materials as an aid to solutic.

The acts.,thau division is the most difficult of the four basic
operations and that it is the last of the four operations to be in-
troduced are probably among the reasons for the'llower performance of
students on the division basic fact items.. tt'is also possible that,
despite the fact that students were given ten seconds per item on
this part of the test, many of them failed to get as far as the div-
iSion items. The average percent of no 'response went from virtually
zero on the six addition items to 2% for subtraction 6% for multi-
lineation and about 18% for division. It should be noted, however,

it is not possible to tell from these data what factor or factors
were the actual cause,of the lower performance in division.
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3.3.2 Addition of Whole Numbers

The est contained five items to assess students' ability to
find the s of two or more whole numbers. Four of the five.items
required st dents to regroup (carry)-at least once.

Table 3-9
Grade/Year 4 Results (N = 35 277)

',Objective: Addition of Whole Numbers (mean = 87.0%)

Item No. Percent Correct Panel Judgment

(

26

28

29

32

38

/ 92

,O
'90

84

89

Very Satisfactory
Satisfactory
Very Satisfactory
Very Satisfactory
Very Satisfactory

The Interpretation Panel was very satisfied with these results.
They expressed the opinion that Item 28 could have been classified ,N

with the Applications items rather than the Computation and Know-
ledge ones.

Item al and the response rates expressed as percents are.shown
in Figure,3-1.

(28) Add:

3.06

t0.00
9.14

+5.10

Percent

52%
8%

2730

$4730
1,730

Other 14%
No response 2%

Figure 3-1
Grade/Year 4: Item 28

.The correct answers are underlined.
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40 The results for th is item show that 80% of students obtained the
correct numerical answer but that may 52% included the dollar sign.
Unfortunately, theye is no data available concerning students.' in-
clusion or non-inclusion of the decimal point in their answer. GThis
piece of information was not keypunched.

, -Overall, the students' performance on the addition items was a

commendable. There is a considerable amount of evidence that a large.
percentage of students a4e capable of and do learn how to find the
sum of two or more whole numrs with a high degree of success.

3.3.3'--Subtraction oi`WholAiumbers

\ . 4-

As in the case of ayition, the test contained five items deal- ./
ing with. subtraction of whole numbers. Of these, three items 4-
ired students to regroup (boreow) at least once. 4.

Nbt

V .

$

g // Table 3-10

,

/ Grade/Year 4 Results (N = 35 27 )
ObActive4: Subtraction of Whole Numbers (mean = 74.8%)

-------",-;-'\ ,7
w

item No. . -Percent Correct P nel Jul
Iv .

90 \ Very Satisfactory

-----'23C\

72 e Marginally Satisfactory
33 87 Satisfactory /
36 56 Weakne.m... . ( it

39 69 Marginally Satisfactory
',.

4,,,---
1

/
'

t ,

The Panel found the results on subtraction with tegrouping ,

.items to be rather low. They attribtted this perfomance -to the
difficulty of the place value concepts involved, to tie difficulty

, of the items, or to thlensUfficient availability of manipulative
materials for teachers-and for students.

Item 36 involves regrouping when there is a zero in the Tinuend,
)

the most difficult kind of subtraction exercise. The actual itefn
and the results a displayed in Figure 3-2.

Learning to use the subtraction algorithm correctly equires a
considerable degree of understanding of our decimal numera ion

,

system. Many students fail to gain'such an` nderstanding d, as the
Interpretatiod Panel has stated,, teachers need to have a quantity of ,

appropriate manipulative devices available both for teachigg place
value concepts/and fo'r developing students' abilities to use algorithms.

40



'(36) Subtract:

1054
865

Responses

189 56%
1811 6%
1189 2%

289 4%

199 3%

89 - 3%

889. 2%

1011 1%

179 1%

Other 18%
No response 4%

Figure 3-2
Grade/Year 4: Tm 36

It is worth noting here that the most frequent incorrect re-
sponse to Item 36 is 1811 which is obtained by always subtracting
the lescPr of the two numbers from the greater, thereby eliminating
the need for any regrouping. A student's train-of thought here
might proceed as follows: "4 from 5 is 1, 5 from 6 is 1, 0 from 8
is 8, nothing from 1 is 1." It seems clear that a student who can
begin with one number (1054), subtract a second number (865), and
end up with a number larger than he started with (1811) lacks an
understanding of many of the factors involved in the operation of
subtraction.

In summary, although the results of the subtraction items are
basically satisfactory, there appears to be a weakness when regrouping
is required. Such weaknesses are mostApp'arent when one of more of
the digits in the minuend is zero. 4

Recommendation 34: Teachers of mathematics should have access to
and make liberal use of appropriate manipulative devices for the
teaching of place value concepts and of operations on numbers. This
recommendation is equally important at both the primary and the
intermediate levels.

Recommendation 3-2: Persons involved in the pre-service or in-
service education of teachers are urged to emphasize tne importance
of having students, make use of manipulative devices as models for
matnematical concepts and skills at all times; but particularly
when such concepts and skills are being introduced for the first
time.

3.3.4 Knowledge of Notation and Terminology

At every level, students are expected to be familiar with
certain commonly used mathematical terms as well as with the
symbols used to represent various operations, relationships, and
quantities.<Six items on the Grade/Year 4 test were designedto

4
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assess students' familiarity with such notation and terminology.

Table 3-11
Grade/Year 4 Results (N = 35 277)

Objective: Knowledge of Notation and Terminology (mean = 74.8%)

Item No. Topic Percent Correct Panel Judgment

48 <,), = 76 Very Satisfactory
49 odd nos. 67 Satisfactory
51 using $ 88 Satisfactory
56 telling time 88 Very Satisfactory
57 reading temp. 81 Very Satisfactory
63 metres

. 49 MarginallyoSatisfactory

The Panel felt that the overall performance here was satisfactory.
They expressed the opinion that the symbols of inequality (Item 48)
and the definition of odd_numbers (Item 49) were relatively unimportant,
and that Item 63 was quite difficult.

Item 63 was one of several items dealing with the metric system of
measurement. As is shown in Figure 3-3, it-was a multiple-choice item
rather than an open-ended one.

(63) 5 metres is the same length as: Response Percent

50 centimetres
500 centimetres

27

49
-50 millimetres 10
500 millimetres 4
I don't know 7

No response 3

Figure 3-3
Grade/Year 4: Item 63

./

jtah 63 and four others were used on all three tests to assess
familiarity with the metric system of measurement, and the Grade/
Year 4 students obviously found Item 63 difficult. This was not
complsx.ely unexpected, and one of the reasons that the item was in-
c/udga on the level 4 test was to chart the differences in perfor-
mance on this item among the three populations tested. At the
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Grade/Year 4 level it is more important that students measure and
gain concrete e*periences than it is that they learn to convert units
within the metric system.

In general, knowledge of notation and terminology is relatively
unimportant as compared with other aspects of the mathematics curri-
culum. It is more important to be able to find the difference of
two numbers than it is to know that the. two numbers used are called

4 the minuend and the subtrahend. On the other hand, teachers must
use mathematical terminology and symbolism in their teaching and it
is important that students understand the terms and symbols being
used. Perhaps a minimal list of terms and symbols that all students
should be familiar with needs to be developed and made part of the
mathematics curriculum.

Recommendation 3-3: Educators should attempt toidentify a Zist of
mathematical terms which students should learn as well as a teach-
ing.sequence for developing such vocabulary. This list and sequences
should take into account the developmental nature of the acquisition
of meaningful mathematical vocabulary.

3.4 Test Results: Comprehension Domain

3.4.1 Understanding of Place Value Concepts,

Six items on the Grade/Year 4 test dealt with understanding of
place value or numeration concepts. One of these was an open-ended
item (Item 35) while the remainder were multiple-choice exercises.

Table 3-
Grade /Year 4 Results = 35 277)

Objective: Understanding of Place Val Concepts(mean16 78.2%)

Item No. Topic. Percent Correct Panel Judgment

35 'Multiplying by 100 61 Marginally Satisfactory
44 Counting by tens 91 Very Satisfactory
45 Value of digit 88 Very Satisfactory
46 Rounding off 59 Marginally Satisfactory
47 Largest number 79 Marginally Satisfactory
50 Number names 91 Very Satisfactory

"1"

The Panel was of the opinion that results on countiig by tens
(Item 44) and writing numbers (Item 50) were very satisfactory, as
was naming 'places' (Item 45). However, performance was less satis-
factory on identifying the largest number (Item 47), and in round-
ing off (Item 46).

The children's performance on Item 46 requires some comment.
The distribution of responses to that item are shown in Figure 3-4:
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(46) Round off 43 to the nearest ten.

Figure 3-4
Grade/Year 4: Item 46

Response /Percent

30 8

,50 11

40 59
n44, 14

I don't:know 8

No response 1

It is generally agreed that the skill of estimation is of great
importance in mathematics. A pupil who is able to estimate can tell
whether or not his answer is reasonable. To cite an example discussed
in the previous section, a student who knew how to estimate and who
did so would not be satisfied with 1811 as an answer to Item 36:

(36) Subtract

1054
- 865

The ability to round off numbers is an integral part of the skill,
of estimating, and tie results, obtained on Item 46 should be a cause
of some concern to teachers.

The Interpretation Panel felt that the students' less than satis-
factory performace on this item might be partiall due to a lack of
familiarity with the term 'rand

this topic in the curricula. To the degre that lack of familiar-
ity

off', as well to a lack of emphasis.

ity with the terminology was a contributing factor to the students'
performance, the importance of knowledge of terminology is illustrated.
The term "round off" is the correct. term and there is no conci and
generally used expression which conveys the same mathematical' m aping.

Recommendation 3-4: The importance of place value skills and concepts,
including estimation, cannot be overemphasized. Teachers and those
involved in teacher education'shouM stress the necessi:ty of develop-
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ing understanding of place vaIiie,concepts by building upon a founda-
tion of concrete leaining experUnce.

3.4.2' Understanding of Number:Properties

Students' p formance op this set of four items was most en-
couraging and, as Can be see4 frOm the ratings, the Interpretation
Panel was p7.eased with these results.

Table 3-13
Grade/Year 4 Results (N = 35 277)

Objective: Understanding of Numb'er Properties (mean = 90%)

Item No. Topic Percent Correct Panel Judgment

27, Multiplying by zero 90 Very Satisfactory
31 Missing minuend 81 Very Satisfactory
34 Adding zero 95 Strength
37 ' Multiplying by one 95 Strength

Items , 3 , and 37 dealt with the roles of the numbers 0 and
1 in addition and multiplication. The results show that almost 41
students a familiar with these important concepts.

The anel commented that the overallperformance here was one
of streng They said that although Item 31 was measuring the idea
that subtraction is the inverse of addition: it is not clear that
this was the approach used by the-children. Item 31 required'stu-
dents to solve the equation

3=7

This is the most difficdlt type of additive-subtractive open Sent-
ence to solNe with respect to the position of the placeholder.
Thirteen percent of the students cho four as their answer to this
open-ended item.

3.4.3 Understanding of Measurement Concepts

Of the five items in this part of the test, four measured the
ability to choose the appropriate metric measure in s ua io s in-
volving length, mass, capacity, and temperature. The ifth item,
Item 59, dealt with the concept of area.

11 45
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Table 3-14

Gride/Year 4 Results (N = 35 277)
Objective: Understanding of Measurement Concepts (mean = 54%)

5
Item No. Topic Percent Correct Panel Judgment

59 Area 61 Satisfactory
'-, 61 Length 81 Satisfactory

' 62 Capacity 67 Marginally Satisfactory
64 Mass 25 Marginally Satisfactory
65 Temperature 32 Weakness ,

The Panelists stated that Item 59 dealt with area and the stu-
dents'. performance was deemed satisfactory given the sophistication
of the concept of area and the limitations of paper-and-pencil tests.
The students' performance of the metric measurement items, however,
was generally disappointing.

According to the Curriculum guide for Matliematics, these stu-
dents have been taught the metric system of measurement and only
the metric system since they entered school. In spite of this, only
32% chose the appropriate temperature for a sunny summer day (35
Celsius) and only 25% were able to select the appropriate mass
for a ten-year-old boy (35 Kilograms). On a third item, 67% of the
children were able to pick the appropriate capacity of a milk jug.

In each of these items, only one choice was the reasonably one.
The otherthree, were clearly incorrect to anyone familiar with the
units involved. The three incorrect choices of temperature were
5 °C, 55°C, and'85°C; the three incorrect masses were 35 grams,
75 grams, and 75 Kilograms; the incorrect capacities were 1 milli-

*litre, 10 millilitresand 100 litres.

The Interpretation Panel felt that Item 62 shduld have made'
use of the term "carton of milk" rather than "jug of milk". This
issue was discussed during the development of the test, and since
milk was then being sold in one- and three-quart cartons, it was
felt the term "jug" would cause less, confusion.

The word 'mass' was not used on the test. Although technically
incorrect, the stem was worded as follows:

A.ten-year-'old boy, is likely to weigh: . ."y

It was deete-d,,more advisable to run the risk of being criticized'for
using the familiar word 'weigh' than to use the decidedly unfamiliar,
yet correct, term 'mass'.

a
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Over the past several years, a great number of in-service
workshops have been conducted throughout the province at both
the school and district level. During the same period, schools
have purchased metric measuring devices and teaching aidS. How
ever, results indicate there is undoubtedly room for improvement
as regards the teaching of the metric system of measurement at this

rlevel.

Recommendation 3-5: The Ministry?of Education and local school
districts should cooperate in ensuring that materials for teaching.
the metric system are available in all schools.

Recommendation 3-6: Follow-up workshops and conferences designed
to emphasize the best methods, materials, and techniques to be
used in teaching measurement should be provided. Such professional
development workshops should emphasize the importance of students'
obtaining "hands on experience in measuring in order to facilitate
tne development of their ability to "THINK METRIC".

3.4.4 Understanding of Fraction Concepts

Only two test items concerned the development of fraction con-
cepts. Not a great deal of emphasis is given or should be given to
fractions in the primary grades, but the Curriculum Guide.does call
for an understanding of unit fractions (i.e., fractions with numer-
ators of 1) both as part of a whole and as part of a set.

Table 3-15
Grade/Year 4 Results (N = 3277)

Objective: Understanding of Fraction Concepts (mean = 57.0%)

Item No. Topic Percent Correct Panel Judgnient

58 Part of a set 60 Marginally Satisfactory
60 Part of a whole 54 Weakness

The Panel found these results disappointing. They said that
Item 58 may have been somewhat misleading but it still was a rel-
atively:weak perforinance.

The most pervasive model for fractions is the part of a whole
del in which a 'whole' is divided into a number of congruent,

,ontiguous parts. For example, a candy bar is divided into four
congruent parts, each representing one fourth of the whole candy
bar. Item 60 (see Figure 3-5) assessed students' understanding of
this fraction model.

4 7
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4

(60) Which box is one-fifth (1) shaded?

7 54 15

Figure 3-5
Grade/Year 4: Item 60

NoResponse: 1

I don't know
17 ( 5

Note that 17% chose the situation where the fifth rectanglai-region
was shaded and that another 15% chose the response where one region
wa shaded and five were not.

Many children in the intermediate grades are unable to learn
or t remember algorithms for computing with fractions. One of the
underlying causes of such a disability is frequently found to be a
lack of understanding of basic fraction concepts. The results ob-
tained from these two items seem to indicate that a substantial pro -

protion of students inGrade/Year 4 do not have an adequate grasp of
the most fundamental fraction concepts.

Teachers as well as curriculum developers must realize that
fraction concepts, even the most elementary ones, are rather sqphist-
icated and that a great many students find thep difficult. It seems
clear that both models for fractions which have been mentioned here
need emphasis. It may also be the case that these concepts are
being introduced to childrerf prematurely. Perhaps if these concepts
were not introduced in the primary grades at all, but instead delayed_
until the children,were somewhat more mature, students might compre-
hend them better arid elop fewer misconceptions.

Recommendation 3-7: Educators, curriculum developers, and educational,
researchers should address the problem of the optimum time for intro
ducing fractibn conceptq in the mathematics. classroom bearing in mind
both the children's development level and the sophistication of the
ideas involved in these concepts. When introductory fraction concepts
are being developed, both models, part of a whole and part of a set,
should be emphasized.

.a6 Test Results. Applications Domain

he Applications domain, as described in Chapter 2, includes the
following categories of cognitive behaviour: ability to solve routine
problems, ability to analyze data, and ability to recognize patterns.
For the Grade/Year 4 test, the Applications items were collected into two
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groupings or objectives. Items which were considered to deal with applic-
.49

ation within-the day-to-day experience of the children were categorized
as "practical", other problem situations were described as being "comput-
ational" in nature.

3.5.1 Solves Practical, Problems

The six items in this grouping dealt with apelications of.the
concepts of time (Items 40 and 42), money(Items 43 and 55), and dn=
terpreting graphs (Items 68 and 69). The results, as shown in Table
3-16, are quite encouraging, ,

- Table 3-16
Grade/Year 4 Results (N = 35 277)

Objective: Solve Practical Problems (mean 4= 78.0%)

Item No. Topic Percent Correct Interpretation

k
4

40 Time 1 a 77 Satisfactory
'42 Time 49 Marginally Satisfactory
43 Monetit y 82 Satisfactory
55 - Money 86 Very Satisfactory
68 Graphs 92 ,Strength
69 'Graphs, 82 Ver Satisfactory

The. Panelists stated that all areas except that tested by Item 42_
were at least satisfactory. They felt that perhaps the content of
Item 42 was not relevant to children of this age. They recommended
that materials should be available in classrooms to provide practice
in practical problem solving.

In Item 42, students were asked to find the elapsed time between
4:25 p:m. and 5:00--p-r.. Twenty percent ok the children subtracted 425
from 500 and selected 75 minutes as their response. It may be that .

students are not familiar with the notation 4:25 since that is not the
way in which times are usually denoted in everyday usage.

Problem-solving represents the highest level of cogniti a funct-
ioning, and these results indicate that a substantial proport of
children at the Grade/Year 4 level are learning to/solve problems
and are experiencing success. in that endeavour.

.It is important to bear in mind that developing the student's ability

to apply the appropriate mathematical techniques in order to solve a'
given problem i one of the most important reasons for teaching and
learning mathem tics. There is no point in teaching children how t4r
add, subtract, multiply, and divide numlers unless they also learn

'when to apply these operations. The results reported here indicate a,
fairly substantial degree of progress toward that goal has been attained

(N
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at the Grade/Year 4 level insofar as "practical" appliCations are
concerned.

Children require a great deal of practice in problem-solving/
techniques, and good teaching practice dictates that the probleMs
assigned to children should be as interesting as possible. Pro-
blems based upon local places and happenings are more likely.to
motivate children than are problems out of a mathematics textbook.
Teachers of mathematics at all levels would do well to set up
collections of "real" problems for use with their classes.

Recommendation 3-8: Teachers of mathematics should emphasize class-
room, school, and local situations for developing "real" problem
solving experiences which will be relevant to their students. .

3.5.2 Solves Computational Problems

The exercises in_luded under this headin are iR"--6e usually
fleig?termed "word prob s" or "story problems". These are the types of

problems typica ly found in school mathematics textbooks. A pro-
blem situation is descriped in words, and the student must decide
what operation or operations are required in order to solve the
problem, and then perform these operations correctly. The results
obtained on the six items used to assess this objective are summar-
ized in Table 3-17.

Table 3 - 17

Grade/Year 4 Results (N = 35 277)

Objective: Solve Computational Problems (mean = 64.7%)

item No. Percent Correct Panel Judgement

41 79 Satisfactory

52 9 Satisfactory

53 88
v

Strength

54 60 Satisfactory_

66 47 Satisfactory

67 75 Satisfactory

The Panel rated performance of,a, items satisfactory, except.
53 which was a strength. The low perce'titage for 52 was considered
satisfactory, as the group felt measurement rather than conve±sion
was more important at, this level. Itemst and 26 invorved the-same
computation and the percent Correct on.rt 53 was only 4% less
than that, do 26. Items 54, 66, 67 were satisfactory considering the
complelcity involved.

a
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Because of the importance of problem - solving in the teaching
and learning of mathematics, all six of the items for this objective
are reproduced in Figures 3-6 through 3-8.

4

(41) The roller coaster has 8 cars
.with 4 wheels on each car. How many

6.). wheels are there on the roller coaster?

(

et1

Figure 3 6: Grade/Year 4 - Item 41

51

Response

12 12
.

2 1

32 79

24 4

I don't know i 2 ,

No response 1

0



Skana and Hyak are killer whales.
They live in the Vancouver Aquarium.
Here is Skana jumping to get a fish.

= (52) Skana can jump 627 centimetres high.
Hyak can jump 5 metres high. How much
higher can Skana jump than Hyak?

(53) On Monday, 185 people saw the morning
whale shows and 412 people saw the
afternoon whale shows. How many people
law the whale shows that day?

(54) Yesterday, Skana ate a total of 98 fish in
three meals. She ate 32 fish at the first
meal and 25 fish at the second meal. How
many fish did she .eat for her third meal?

Figure 3

y.

- 7: Grade/Yda52

Response

127 centimetres,.j 39

622 centimetres 23

22 centimetres 14

632 centimetres_., 8

I don't know 15

to response 1

597 88

697 4

327 2

373 2

I dOn't know 3

No response 1

="466

41 60
155

57 12

I don't know 7

No response 1

Items 52, 53' 54
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'Sam has 51 pop bottles and 8 cartons. Each carton holds 6 bottle.1

(66) If Sam fills all the cartons, how many
bottles will be left over?

Response

6 8

8 10

3

14 24 -

I don't know 10

No response ....... 1

(67) Sam col ected 30 of the bottles. 18 4

His siste Marie, collected the rest. 14 6

How plan bottles did Marie collect? 21 75

44

I don't know ..
No response .

Figure 3 - 8: Grade/Yea/50- Items 66, 67.
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In three cases, problem - solving items were paired withcomputat-
ion items involving the same numbers in order to obtain a measure.of-
the extent to which presenting an item as a word probleta.affegXe4the
success rate. The data relativ to-that question are presented in
Table 3-18.

Table 3 18

Grade Year 4 Results (N = 35 277)

Problem - Solving vs.. Computation

--Item number Correct Required** **
P.S. * Com. P.S. Com. Ca:reputation

41 16 79 86

52 33 39 87

53 26 88 92

4 x 8

627 -

185 + 412.

* P.S. means problem - soloing
** Com. means computation

,

In two of the three cases, Items 41 and 53, th omparison of
results between the problem-solving and the computat oval items is
excellent. There is a relatively low decrease in performace attri-
butable to presenting the item as a word problem. It may be the case
that reading difficulties account for much of the difference.but

Am4nother plausible explanation might be that some students do not
know when to apply the operations which they have learned to perform.
For example, 12% of the $tudents found the sum 4 and'8 for Item 41
rather than findinv'efie prVuct:

The reasonp fpr the great difference between the performance on
Items 33 ancf 52 become more evident upon reading Item 132. Before
students could solve,thillproblem, they had firgt to write 5' metres
as 500 centimetres. This particular skill was tested by Item 63
(See Figure 3-3), and only 49% of the children obtained a-correct
result. In that light, 39% on Item 52 is certainly a satisfactory
perfOrmance atleast.

Item 52 ia,an example of a multi-step problem, a s" are Items 54
and 66. Such problems are, of their nature, more difficult than one -
stepstep problems, and it is not at all surprising that the success rate
on these problems is relatively low. When the test was constructed,
certain items which were known to\be difficult, including these three
were deliberately included. It would be erroneous to_assume that
there,* always a direct relatlonship between the 'percent correct on
an item and the degree of acceptability of thatresult. For ,example,.
a success,rate of 39%-on item 52 would certainly be prelprable to a
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success rate of 75% on a basic,factidtem or,on,an ite5.measuring
attainment of a relatively simple skill.

As was the case with "practical" problem items, the results
obtained on these six items are evidence that students at the
Grade/Year 4 level are achieving satisfactorily insofar as problem-
.solving is concerned. Certainly there is room for improvement, but
the findings of this assessment indicate that students at the Grade/
Year 4 level have attained a reasonable,degree of ability to cope Q
with word problems.in mathematics.

55

The Interpretation Panel expressed reservations about some of
the art work used on the test, as well as about the use of the names
of the kill'er whales at the Vancouver Aquarium in two oftthe problems.
The decision to make extensive use of art work on the test was motif-
vated by a desire to make the test booklet as appealing and interest-
ing to children,as possible. Similarly, it was felt that Skana and -

Hyak were names that were familiar to children in this province.
These matters were thoroughly discussed and the results of the pilot
testing, which was done in several locations across the province,
did not indicate that children had any difficulty with either the
art work or the vocabulary. /

3.6 Grade/Year 4 Reporting Categories

Mathematic achievement is the end result of the coalescing of a
great number o .student-based factors, both extrinsic and intrinsic.
'Attributes inherent in the student, programmatic and curricular vari-
ables, as well as the effect of environmental variables such as teacher
differences all contribute in vary ng and largely unknown degree to a

given student's overall performanc . Of the fairly large,number of
such variables which conventional isdom, current educational practice,
and the endeavors of educational researchers have,identified as being
*related to mathematics achievem nt, a limitbd number were selected for
examination in the Mathematics 'Assessment. (See Chapter 1, Section 1.4)

great deal more information concerning the possib e relationships
between certain personal background variables and achie ement bn the
Mathematics Assessment test kwacollected than could possibly be re-.,
ported in, this volume. A more complete rendering of the data maybe
found in the Technical Report, which is obtainable from the Learning
Assessment Branch. Researchers or others who wish to have access to the
original data in order to seek answers to their own questions on issues
relevant toAthe Mathematics Assessment should also direct their requests
to the Learning Assessment Branch.

In the sections which follow, all of the results reported are based
upon correlational trends. No attempt has been made to imply that cause
-and effect relationships exist since the Mathematics Assessment wenot
designed to identify uch relationships. It remains'for studies designed
as follow-ups to the resent one, Lo seek to identify such relationships.
Thus, while the asse sment results show some fairly strong'relationships
between use of a han -held calculator and student achievement, these
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reldtionships do not imply that a student's achievement in mathematics
is deterMined by or is even influenced by the,tee,of'such a device.
All that can be said on the basis of the'assessmeht data is that there
seems to be a relationship between the two variables. Indeed, it may
be-the case that both of the variables are the effect of a common, and
as yet unidentified, cause.

For each of the reporting categories discussed in succeeding sections,
reference is made to the various domains, objectives, and items evaluated
in the Mathematics Assessment.- For ease of reference, a labelling system
has been adopted and will be used throughout the remainder of the chapter.
Each objective has been assigned a code number consisting of two digits
separated by a period. For example, Objective 2.3 refers to Domain 2
(Comprehension), Objective 3 (Understanding of Measurement Concepts).
In Table 3 -19 which follows, the right hand column indicates the section. "
of Chapter 3 where the grade/year 4 population results for the appropriate
objective were discussed.

' Table 3-19
Grade/Year 4: Code Numbers Used for Objectives

Code No. Objective Location'of
Population Results

1.1 Number Facts Section 3.3.1
1.2 Addition of WholeNumbers Section 3.3.2
1.3 Subtraction of Whole Numbers Section 3.1.3
1.4 Knowledge of Notation and Terminology, Section 3.3.4
2.1 Understanding of Place Value Concepts *Section 3.4.1

, 2.2 .Vnderstanding of Number Properties Section 3.4.2
2.3 Onderstand- ing of Measurement Concepts Section 3.4.3
2.4 'Understanding of Fraction Concepts Section 3.4.4'
3.1 Social Applications Section 3.5.1
3.2 " Mathematical Applications Section 3.5.2

3.6.1 Age

On the background information section of the Mathematics Ass--
essment instrument, students were asked to provide the month, day,
and year of their birth. The major reason for collecting this data
was to seP what, if any, effect a student's age had on his or her
achievement in mathematics. Previous research has shown that espec-
ially in the lower grades, there appears to be a relationship bet-
ween age and mathematics achievement.

The data on students` performance by age are presented in two,
ways. First, in Figure 3-9, a comparison among the four age-groups
of children at the Gfade/Year 4 level who took the" Mathematics
Assessment test is portrayed graphically. Secondly, in Figure 3-10,
a comparison among three groups of students all of whom attained
the age of nine years during 1976 is made on the basis of the portion
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of the year 1967 in which they were born.
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Figure 3-9: Grade/Year 4: Results by Age

The nine year olds' performance is superior to that of the other
three group's on each objective. It is not unexpected for the eleven
or older group.-to be so much lower tha the others since the students
in this group are students whose academ c progress has been retarded
for one reason or another. This group which numbered 1,686, or about
five percent of the total, would likely include students from special
classes and other special programs as well as children whose language
background was other tfian English.

1/
11
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CROUP MEAN

JAN. TO MARCH

APR. TO SEPT.

OCR. TO DEC.

I'll'

0

DOMAIN I DOMAIN 2 DOMAIN 3

Figure 3-10: Grade/Year 4: Results by A

In Figure 3-10 a bagraph is used to compare the performances
of three groups of children in Grade/Year 4 who were born, in 1967.
Instead of making omparisons on each objective, only domain results
have been shown.

4

The results shown in Figure 3-10 lend support to the thesis that
children born earlier in a given year ave an academic advantage
over those born later in the same year All of these children_are
nine years old and all enrolled grade/year 4. That is,
th y have been in school for the sa length'of,time. In spite of
t t, children born between January andMarch 1967 hadthe highest

n percent correct on-each of the ten objectives in the three
mains. The greate.st margins in favor of this group were obtained

"Na



on the following ec.tives:

1) Knowledge bf Notation and Terminology,
2) Understanding of Measurement Concepts,

3) Understandihg of Fraction Concepts,
and. 4) Mathematical Applications.

3.6.2 Sex Differences

-Girls at the Grade/Year 4 level obtained a higher mean percent
correct on five of the tenobjectives assessed than did boys. Three
of these objectives were from Domain 1: Number Facts, Addition of

Whole Numbers, and Subtraction of Whole Numbers. The other two
were from Domain 2! ComprehAsion of Number Properties d Compre-

hension of Fraction Concepts. The boys obtained higher s ores on
the other five objectives, one from Domain 1, two fro
and both problem- solving objectives which made up Dom in 3. The

results pprtrayed in Figure 3-11 show that all of the differences
were slight.

0

GROUP ME
(PERCEN

JOD. 0-

03.0 -

30.13 -

1/./
1

1.Z 11.3 1 4-1 Z/Z 21.3 Z.4 3.1 3 '.Z

OBJECTIVES'

Figure 3-11:''Grade/Year 4 Results by Sex
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3.6.3 Number of Schools Attended

The results displayed in Figure 3-12 show not only that tu-
dents who have attended only one elebentary school_ achieve.h her
results than others but also that the results .continue to decrease
with each increase An the number of schools attended. This pattern
holds true for all ten objectives.

GROUP MERN
(PERCENT)

gif

711.

3.3' 312 0.3 04 Z!1 YZ Z1.3 2.4

OBJECTIVES

Figure 3-12: Grade/Year 4 Results by Number of Schools Attended

Further investigation is needed to discover the precise nature
of thev4relationship between number of schools attended and achieve-
ment in mathematics. These results seem to indicate a fairly strong
negative relationship between the two variable's, but they cannot
identify the exact nature of that relationship.

3.6.4 Use of Hand-Held Calculators

.

Students in Grade/Year 4 were asked four questions about their-
use of hand-held calculators: *IiIave you -ever used a hand-held cal-

GO



culator? Do you ever use_ a hand-held calculator at home? Do you
sometimes use a hand-held calculator at home? Do you sometimes
use a hand-held calculator to do your homework? Do you sometimes
use a hand-held claculator in school.? Their performances on the
test as functions of their respOnses to these questions are summar-
ized in Figures 3-13 through 3-16.

ti

300.11-.

10.0 -

GROUP MERI----"-
IPERCENT4

.

fp GO

40.0 -

1 1

3.3 11.Z 313 3 .4 Z.2 2.2 2.3 21.4 21.1 :1.Z

6 OBJECTI

Figure 3-13: Grade/Year 4 Re ts by Whether or Not
Pupils Had had Any Experience withCalculators

61

61



6
2
'

i
k
s

)
: t

IvesV
V
l
o
t
e
3

-
1
.
4
1

G
t
a
a
e
r
f
e
a
t

4 R
e
s
o
l
:
t
s

b
y

W
h
e
t
h
e
r

o
r

*
o
r
.
.

P
A
Y
p
i
l
s

C
a
l
c
u
l
a
t
o
r

a
t

W
o
e



1r

. 100.

a0.0

00.0

GROUP 11ERN
(PERCENT ) 'xi

...

. -60.0

..

9 30.0

1

1

L

1

63

..,

it '

1 1 Z1.4 31.1 3tz1.1 1.Z 11.3 11.1 Z1.1 212 Z1.3

k OBJECTIVES

Figure 3-15: Grade/Year 4 Results by Whether or Not
ek Pupils Used Calailators for Homework
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'figure 3-16:' Grade/Year 4 Results 'y Whether or Not
Pupils ,Used Calculators itt>School)
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3.6.5 Number of Hours of Television Watched

Language B.C. results showed an increase in performance in read-
ing with an increase in the amount of television watchedtgoto two
hours per day, and then a gradual decrease to the four or more hours.
of television watching-per day category. The Comparable results fOr
mathematics are shown in Figure 3-17.

300.

80.0

ROUP MORN a"
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4
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65

.....
DONA 1 N 3

DOHA 1M 2

.4

USUAL/11 41 1 Z 3 A 5 OR

NOW MORE.

HOURS

Figure 3-17 Grade/Aar Otesults by Daily Television Watching
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In Figure 3-17 the domain results for the Grade/Year 4 tudents

are divided into se'n categories on thelbasis of their resp ses
to the television watching item on the background info nation ection
of the mathematics test.

Students who watch strut four hoursof television p r day °I)-
tained the be results in each domain, followed closel by those
who watclra out three hours per day. Curiously, the worst results
were obtained by students who said they watch no television, five
hours or more, or less than Onehour per day. - Whereas Language
B.C. noted a general increase up to two hours per day, here there
is a consistent increase in performance up to four hours per day,
Almost as much timelkas children spend in School.

3.64 Language Group

Grade/Year 4 students were asked three questions concerning the
languages they spoke and origin: These items are reproduced
below.

0

a
ti

4. Were you born In Canada?

Yes I

No 2

6. Did you usually speak a language other than
English before you started Grade 1?

Yes

No C32

7. Is English the language usually spoken In your
home?

,Yes 0 I
No 2

LL

On the basis of their replies to these four items, students
yere divided into five groups as follows:

4.

a. Non - Canadian, Non-English: All Grade/Year 4 students who
responded "no" to item 4, "yes" to item 6, and "no" to
item 7.

66
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b. Canadian, Non-English: All Grade/Year 4 students who res-
porided "yes" to item 4, "yes" to item 6, and "no" to item 7.

c. First Generation Canadians: All Grade/Year 4 students who
responded "yes" to item 4, "no" to item 6, and "no" to

item 7.

d. Non-Canadian, English: All Grade/Year 4 students.who res-
ponded"no" to item 4, "no" to item 6, and "yes" to item:7.

e Canadian; English: All gradipaear,4 scudepts who responded
"ye' to item 4, "no" to item 6, and "yes" to item 7.

The performace of each of the five groups was computed for each
domain and they are summarized in Figure 3-18.

SKIU CUL SU

14

CANADIAN

W.!-OCLUW
ST CT IERAT IOU

Gel \DIAN
mot -cktoLks

vscusa
GANAM
MCIASU

Figure 3-18: Grade/Year 4 Results by Language Group'

Th$ Canadian, English-speLag-group achieved the highest results

overall. The results'for the non-English -speaking groups and for

6?
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1 the other two English-speaking grpups were similar,to each other.
The First Generation Canadian group's performancq lagged.behind.-

9 In Domain 3 where more- reading and knowledge of notation and
terminology were required, the - difference between the English-
and non-English-speaking groups was greatest.

The results for Domain 1 show that the non-English-speaking
-groups outperformedtphe English-speaking groups. Unlike-Ling-
uage B.C., the overall performace'of the two non-English-dfaeakt..
ing groups on the Mathematics Ass'essment was about the same as
that of the Non-Canadian English-speaking group.

3.7 Summary and Recommendations

The Grade/Year st contained sixty-nine items designed to assess
students' mastery of ten objectives grouped intethree domains. in add-,
ition to these mathethatics items, the test contained thirteen background
information items- which students were asked to complete before taking
the test.

Items 1 on on the Grade/Year 4 test were open-ended. Iteps40
69 were multiple-choice exercises. Students responded to the test items
in the test booklet itself by either writing the answer for open-ended
exercises or marking their choice of answer with an "X': for the multiple-
choice items. The information'from the booklets was then keypunched
into machine-readable format.

One and one-half hours were allotted for the test: thirty minutes -
for instructions, distilibutipn and collection of the test booklets and
completion of the background information items, and sixty minutes for
completion of the test itself. The background intormation items were
administered first. Teachers administering the m ire asked to
(
feTA ed each of these items aloud to their students and to assist them in
completing the items correctly.

The test itself was divided into three parts. Part 1 was timed and
consisted of twenty-four basic fact items, sii'for each of the operations
of addition, subtraction, multiplication, and division. Students were r
given four minutes to complete this portion of the test..., Partand
3 were not speed tests; students were given one hour to do the items on
this portion of the test. Part 2 consisted of fifteen open-ended items
dealing with computational skills. Part 3 contained thirty multipbp-

-1
choice exercises., n,

) The.Grade/Vaar 4 Mathematics Assessment was designed for all stu-
dents enrolled in theii fourth year o schooling. According to Stet-

#istits released by thel1inistry of E cation, 36 546 children were en-
rolled in Grade 4 as of 28 February, 1977. The Mathematics Assessment
test was written by 35,27 students or 96.5% of that total. This ,

falls -well within the normal range of attendance at this grade level.
proximately 1000 more boys than g ls took the test.

68
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3.7.1 Background Information

The assessment instrument. was administered during the month of
March 1977. At that timei, a student should have been either nine
or ten years old if he was age six at the time of his first enroll- .

ment in Grade 1. About ninety percent of the Grade/Year 4 students
were within the normal age range expected. '

, ,
The results on the item concerning the number of schools attend-

ed attest to the high degree of mobility that exists among the fam-
ilies of British Columbia since the number of schools attended by
a child is highly correlated with the number of residences in
which the child has lived. 'Less than half the population has been
in only one school since beginning Grade/Year one. A

Other background information showed that seventy-five percent,
of the students are of Canadian origin and 'fifteen percent have a
language other than English as a first language. Over two-thirds
of the students watch three hours or more television per day, and
almost one-third of the Grade/Year 4 students appear 63 spend as
much time watching television on a weekday as they spend at school.

The data gathered on hand -held calculators showed that over
three-fourths of the students have 40gd'a hand-held calculator, but
only three percent have used a hand-held calculator in school.

3.7.2 Test Results

The sixty-nine items on.the Grade/Year 4 test we divided
(2

,

among three domains: Computation and Knowledge (Do in 1, 40 items)
Comprehension (Domain 2, 17 items), and Applications (Domain 3, 12
items). Each domain was subdivided p, number of objectives
and the items were generated to measure mastery of the objectives.

The Grade/Year 4 students' performance on'the items of Domain
1 was very satisfactav with only one weakness noted. Goon per-
formances on the items outnumbered'the poor performanceS by a two
to one margin. The n8VVEI weakness was on a subtraction exercise
that involved both a zero in the minuend and regrouping. That
item was bone of the items for Objective 1.3, Subtraction.of Whole
Numbers. The poorest performace in Domain_14was on Objective 1.3.
The best performace in DoMain One was on the six basic facts for
addition on,which the average percent correct was 96.6%.

Giber areas where the Grade/Year 4 performfnce was rated as

very satisfactory in Domain 1 were subtraction and multiplication
basic facts, addition of whole numbers, and reading time and
temperature.

The Grade/Year 4 students' performace on the items of Domain 2
was mixed, with as many weaknesses as strengths 'being noted. The
pattern of perfarmanoe,'however, was very c]4ar. Performance on
both items of Objective 2.4, Understanding of Fractr Concepts

,

O
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was,poor; and also on three of the five items of Objective 2.3, Under-
standing of Measurement Concepts. , emotive -2.3, less than one-
third of ,the students could correctly respond with a likely ,temper-

.

ature for a sunny summer day.. In Objective 2.4, barely half of the
students could identify the box that was one-fifth (1/5) shaded.

On the positive side, the students performed extremely well on
Objective 2.2, pnderstanding of Number properties with ninety-five
percent of the students correctly applying the additive and multi-
plicative identities and ninety percent correctly applying the
multiplicative property of zero.

ta.

Grade/Ypar 4 students performed well on both objectives of
Domain 3 with the performance on two items being rated as strengths
and no performance rated as a weakness. Only one item was rated .

below satisfactory and four items were rated above satisfactory,
The poorest performance. as onan item involving subtraction with
time. The performances rated as very satisfactory were on items
concerning money and reading a graph. The performance on the
other item involving reading a graph was- rated as a strength, as

was the performance on the word problem involving the addition of
whole numbers.

3.7.3 Reporting Categories

Mathematics achievement is the end result of the coalescing
of a gieat number of student-based factors, both extrinsic and
intrinsic. Attributes inherent in the student, programmatic and
curricular variables, as well as the effect of environmental vari-'
ables such as teacher differences all contirubte in varying and
largely'unknown degree.to a given student's overall performance,: \_

Of the fairly large number of such variables which the conventional.
wisdom, current educational practice, and the endeavors of educ-
ational researchers have identified as beilv, related to mathematics
achievert, the ones that were selected for scrutiny.in the Grade /'
Year 4 Maerrematiqs Assessment were age, sex, number df schools
attended, use of hand-held calculators, television watching, and
language.'

). A-/ I

Age Differences "the nine year, olds had the highest. per-
formance and the eleven:year olds had the,loWestperformance on
each of the ten objectives. Considering just khOse students who
turned nine years oid during 1976, the results supported pfevious
research which s4ys that older children he an%academic advantage
over their younger counterparts'at the same level;.

Sex Differences -- Each group performed better than, A other
on fiye of the tenoobjectives,but of the five object:d.veeon
which the 'girls obtained the higher OerformanCe three were in Dd-
main 1.

7 .

Number of Schools' Attended 7 Thole' Grade/Year-.4 stutlets,whO 1

had attended only one school performed better than all the otner,,-

0
. 1
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groups on every objective. The pattern exhibited was that the fewer
schools attended; the higher the performance. The pattern held for
all ten objectives.

3,

Use of Hand-Held.Calculators Two distinctly different patterns
were noted in the data collected on the fOut"questions concerning
the use of hand-held calculators. Students who had used hand-held
calculators' achieved better results on each of the ten objectives
than those students who had never used hand-held calculators. The

same pattern held on every objective for those students responding,
that they 'used a calculator at home compared to those who had never
used a hand -held calculator at home. The performace pattern was -w
reversed for those studentS" who had used a hand-held calculator for
homework and for those Students who had used a hand-held calculator
in school.

Television Watching -- The general pattern was that the more
'hours of television watched up.to four hours per day, the higher
the performance. However, the differences were small.

Language -- The Grade/Year 4 data were grouped according to.
whether the students had been born in Canada, whether they usually,
spoke a language other'than English before starting Grade 1, and
whether English was the language usually spoken in the home.- The
average performance of the Canadian, English-speaking group was

'lest of the five groups. Iteitwo non-English-speaking groups
performed equally as well as the non-Canadian English speaking groups
and this was a rather surprising result. The first generation
Canadian group's performance lagged behind.

3.7:4 Recommendations
4

4 Based (pn the data presented in this chapter, the following
recommendation were made.

.110,RecomMendation:-311? Teacheri.of mathematics should have access to
aid, make Z0erali-use of appropriate manipulative devices for the
teaching -of place, valAp conbepts

J
and of operations on numbers.

r his recommendati n 1.mportant at both the primary and

tne intermediate evels.
:

. .

a

r

Recgmmendation 3-2: P onl,involved.in the pre-service or in-
- service educattor2 of teachers are,urged to emphasize the importance

ofIll'avinstudentemake use of manipulative dev,i,cesas models I'm%
mathematical concepts and s'ills'at alltimeb, but particularly
when suc-e'concepts and skills are being introduced for the first.

te: -,e'l

L.

;4, , 0 -' ,

.

,
:Recormendation-3-3: Educators should at, empt'tdidentify a list of

\ mathematical terms which students ,s uld learn as well as'a teach-io

4 ,ir sequence for' developing tnIsvocabulary. The list and sequerfce
.0% oulri take-into accountotheldevelopmental nature of ythe acquidition

0 fmeani;n4fulimathemoficdt Ikcabulary.

,
_ ( .
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Recomaiendation 3-4: The importance of place value skills and concepts,
including 'estimation, cannot be over-emphasized. Teacherq and those
involved in teacher education should stress the necessity of develop-
ing understanding of place value concepts by building upon a founda-
tion of concrete learning ex riences.

Recommendation 3-5: The MiryCstry of Education local school districts,
and professional associations should cooperate in ensuring that
materials for teaching the metric system of measurement are. available
in all schools.

Recommendation 3-6: Follow-up workshops and conferences, designed
to emphasize the best materialS methods, and techniques to be used
in teaching measurement syuld be provided. Such professional
development workshops shouid_emphasize the importance of students'
obtaining "hands-on" expersence in measuring in order to facilitate
the development of (their abi:i.ity to "THIX<'METRIC".

Reco-mmendation 3-7: Educators, cul-riaulum developers, and educational
res,-archers should address the problem of the optimum time for intro-
ducing fraq'tion concepts in the'mathematics classroom bearing in mind
both the children's de,velopmen*,te2l level and the sophisticeltiion of the
ideas involved in these concepts. .When introductory fractijk concepts
are being developed, both models, part of a whole and part of a set,
should be w7ipnasi:;ed.

Recommendation 3-8: .Teachers of mathematics should emphasize class-
room, school, and local situations for developing "ream problem-

-. solving experiences which will be relevant to their students

qV
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75The results of 'the assessment for the Grade 8 level are presented
in this chapter, organized by domain and objective. Specific items are
°presented when an illustration is needed for the discussion of an ob-
jective. Due to space limitations, it has not been possible to present
and discuss each item. More detailed information concerning each item
is presented in Report Number 3: Technical Report.

4.1 Description of the Test

The Grade 8 test has sixty content items Measuring acquisition of
twelve objectives in three domains. ),In addition to the content items,
the test contained ten items dealing with student background information.
Both the content and background items were presented in the multiple
choice format. Every content item had five foils or distractors. Four
of the distractors were possible answers while the fifth distractor was
"I don't know". Students responded to the test items by marking their
responses on a mark-sense card which had been specially designed for
the Grade 8 Mathematics Assessment:

Pilot testing of the Grade & test was carried out in several schools
across the province (see Appendix B for a list of participating schools).
The main purposes of the pilolt testing were item verification and timing
since the instruments of the.Mathematics Assessment were not designed to
be speed tests. The results of the pilot testing showed that a majority
of the students had completed the test ill forty minutes and virtually
every student was finished fn fifty-five minutes. A total of ninety min-
utes was allowed for the entire asses ent: thirty minutes for the distri-
bution of tests; instructions, complet on of background items, and collec-
ting of tests; and sixty minutes for t e students.-to respond to the content
items.

4.2 Description of the Population

4 The Grade 8 Mathematics Assessment was designed for all students en-
rolled in Grade 8. According to statistics released by the Ministry of
Education, 46 888 students were enrolledsat that level as of 28 February
1977 Usable mark-sense cards were obtained from 42 250, or 90.1% of the
total. The best information available from'the M*nistrytof ,rducation is
that 8.1% absenteeism is the rate that may be expected on any'given day
at the junior secondary level. This figure is considered by many to be a
conservative estimate of the actual rate.

7'
4.2.1 Distribution by Age

The assessment test was. administered chiring the month of March
1977. At that time a student who was six years old at 4he time of
his enrollment in grade one should have been either thirteen or four-
teen years old. The.data shown in Table 4-1 show that over 90% of the
Grade & students do fall within the range of ages exPected..

A 1'
.
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Table 4-1

Grade 8: Age of Respondents

Age Frequency Percent

'"A

10 or younger 36 '0.0

-11 39 . 0.0
12 682 1.6
13 24 075 ,56.9
14 14 237 33.61'
15 2'344 5.5
16. 376 0.8
17 64 0.1
No response 397 0.9

4.2.2 Distribution by Sex

As mentioned in Chapter 1, differences in achievement levels
between boys and girls have been of interest to educators for some
time. The Grade 8 level has been mentioned in the research litera-
ture as the approximate point where boys begin to achieve higher
scores than girls with respect to mathematics achievement at the
higher cognitive behaviour levels.

9

Table 4-2 ,

Grade 8: Sex of Respondents

Sex Frequency Percent

Male 21 470 50.8
Female 20 162 - 47.7

No response 537 1,2

Multiple response 81 0.1

Approximately 1300 more males than females took part,in the
asses ent. Overall, as is shown in Table 4-2, 50.8% of'the res-
ponde is were boys whi-e 47.7% were girls. This slight preponder-
ance of boys also exi ted at the Grade/Year 4 level, but was re-
versed at the Grade level.

<



4.2.3 Number of Schools Attended

The results Of this item attest to the high degree of mobility 1
that exists among the families of British Columbia since the number
of schools attended is highly correlated with the number of' re4sidences
in which the child has lived. Almost one out of every four (23%) Grade
43 students in 'the province has already attended five or more schools.
Less than a third (32.7%) of the Grade 8 students have attended only
two schools, presumably one elementary school and one secondary 'school.
Such a low percentage cannot be supported by saying that during ele-
mentary school many student attended two schools, a kimary school or
annex and an intermediate school, since such schools represent only
2.5% of the elementary schools in the province.

Table 4-3
Grade 8: Number of Schools Attended

Number of Schools Attended Frequency Percent

1 1 367 3.2
2

1 .

3

12 479

11 124
29:5

26.3
4 6 970 16.4.$-

5 4 b55 9.5
6 2 236 5.2
7 1 291 3.0

8 1 217 2.8
10 or More 1 096 '2.5

. .,,

No 'response 415 0.9

4.2.4 Hand-Held Calculators

The hand-held calculator is the latest in a series of teaching
and learning aids which seem to hold promise for the improvement of
students' achievement in and understanding of mathematics. A good
.deal of research interest in the field of Mathematics Education is
currently focussed upon an examination of the effect o the use of
hand=held calculators in the mathematics classroom.

As. part of the Mathematics A essment, students at all tpree
leveli involl.Yed4were asked several questions coficeinirig their use of
hand-heldicalculators. Their respofises to these questions are sum-
marized in Table 4-4.

76 I
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. Table 4-4

Grade 8: Use of Hand-Held Calculators

Category of Use Grade 4 Grade 8 Grade 12

Have never used, calculator in school
Have used calculator at home
Have used calculator for homeworkt
Have used calculator in school

23.3 Question not asked
49.9 35. 50:6
12.8 28.9. 55:7

3.0 10.1 51.2

The data shown in Table 4-/p reveal three very interesting re-
sults. First, as students go thro gh the grades in British Columbia
schools more of them use hand-held culators in school and foi
homework:. Secondly, a smaller percent of Grade 8students use a---
hand-held calculator at home than either of the other two_ levels

e

tested. Thirdly, the percent of Grade 12 students using a hand-
held calculator in school is over five times gieater than in Grade
8. .

° The fact than only 3%"Of children in Grade/Year 4 and only 10%
of the students ill Grade 8 have used a calculator in school may be
indicative of the fact that educators are not convinced of the ad-
visability of using calculators with students at these levels.

f.4.2.5.. School' Organization

ATIS.°-

Whether a secondary school is semestered or not is a major
factor in determining the organization of the mathemtics teaching.

' As the data in Table 4-5 show, however, fewer than one third of the
41de 8 students havt. ta'ken a semestered 'version of Mathematics 8.

1111P

Table 4-5
Grade 8: Semestering of Mathematics Courses

Frequency Percent

Semest red
Non-Se sterede

No resp'atis

Multiple r6sponse

12 865
28 799

470
116

30.4
68.1

1.1

0.2

p



4.2.6 Mathematics Background
79

Not every student enrolled in Grade 8 takes Math 8. Some
students follow 'accelerated programs while others may still be
taking Grade 7 mathematics. The results'displayed in Table 4-6
show that the overwhelming majority of students at this level,
87.5%, are taking Math 8. The 6.7% who are not taking mathematics
probably are enrolled in semestered schools and completed their

t mathematics course in the first semester.

!.1

Table 4-6
Grade 8: Mathematics Background

C-

Course .
Highest Course Completed Current Course
Frequency Percent Frequency Percent

Mathematics 7 34 050 80.5 733 1.7.
Mathematics 8 6 077 14.3 37 000 87.5
Mathematics 9 1-99 0.4 480
Other 880 2.0 625 1.4

None 0 44 0.0 2 877 6.7
No response 665 1.5 362 0.8
Multiple response 379 0.8 184 0,4

4.2.7 Mathematics Homework

The data in Table 4-7
8 students spends no time at
of regular mathematics class
Grade 8 students spends more
work.

shows that one.out of every seven 'Grade,
all on mathematics assignments outside

Fewer than one out of every three
than thirty minutes on matheMatics home-

Table 4-7
Grade 8: Mathematics Homework

**.1t.
Amount of Time Spe
on Mathematics Home rk Frequency Percent

None at all :7

Less than,30 minutes peg d
30 - 60 minutes per day
More than 60 minutes per

No response
Multiple 'response

d
S

6 238
23'346
10 802
1 237

14.7

55.2

25.5

2.9

525 1.2

102 0.2
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A -- 4.3 Test Results: Computation and Knowledge Domain

As discussed in Chapter 2, the sixty items on the Grade 8 tests were
divided among, three domains, and each domain was sub-divided into a. number
of ob'eCtives. In this section, the results from the Computation and..
Kn edge domaih are 44cussed objective by objective.

The Computation and Knowledge domain encompaAed six objectives,
mastery of which was measured by thirty-two items. For each objective
of each domain, the following information,is provided:

1) the number of the item or items from the teat;
2) the percent of students who obtained the correct answer to each iten and
3) the judgment of the Interpretation Panel concerning the acceptability of

the result.

4.3.1' Computation with Whole Numbers

By the end of Grade 7 students are expected to be able to per-
form the four basic operations of addition, subtraction, multiplication,
and division 'on several different sets of numbers. This expectation is
reflected by the objectives in this domain. The most basic computation
is with whole numbers. The results'of the five items used to measure
acquisition of this objective are presented in Table 4-8.

Table 4-8
Grade 8 Results (N = 42 250)

Objective: Computation with Whole Numbers (mean = 83.8%)

1

Item Vo. ,,Operation Percent Correct Panel Judgment

-4

8

16

32

49

Addition
Division
Subtraction
Addition
Multiplication

93

70

89

88
79

Very Satisfactory
Marginally Satisfadtory
Very Satisfactory
Very Satisfactory.
Satisfactory

The Interpretation Panel expressed the opinion that the results
for this objective were very satisfactory with the exception of division.
The mean of 83.8% for this objective is impressive. Combining a high
overall mean for the objectiAe with the fact that division is the most
difficult of the four basic operations and that it is the last of the
four operations to be developed in the elementary curriculum leads to

the conclusion that the Grade 8'level student's' performance on compu-.
tat 'with whole numbers was encouraging.

79
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4.3.2 Computation with Frictions

)

The test Contained four items to assess the student/ability
to perform the four basic operations using rat nalinumbersfrin frac-

tion form. The results for the four items are found i TOlg 4-9.

Table 4-9
Grade 8 Results (N= 42 250)

jec.tive: Computation withFractions (mean = 68.2°

Operation 'fercent Correct Panel Judgment

2 Addition
6 Subtraction

11 Division
213 Multiplication

66,.

63

62

82

Marginally Satisfactory
Marginally Satisfactory
Satigfactory
Very Satisfactory

The Interpretation (Panel's comments with respect to the results

presented in Table 4-9 were that the students' performance was generally
satisfactory, with no particular weakness evident in any of the opera-

tions. The Panel recognized that operations with fractions are diffi-
cult and this resulted in lower performance.

The multiplication algorithm for rational numbers in fraction
form requires the fewest steps of the four operations and the perfor-
mance reflects thistfact. The division algorithm, however, requires
fe"er steps than either the addition or subtraction algorithms for

Vrationaj. numbers in fraction form with unlike denominators and the .

performance does not refle.ct th-IV-faet, Instead of applying the "invert
anormultiply" process, 15% of the students simply multiplied.

Items 2 and 6 were exercises involving unlike denominators. For

Item 2, an addition problem, 19% of the students simply added the numer-

ators and added the denominators. For Item A, a,subtraction problem,

22% of the students si ply subtracted the numerators and subtracted the
A-..,denominators. Thes e rors on Items 2 and 6 represent 58% and 69%
respectively, of the students t3faking errors. Stutrerts making these °

types of errors.do not show an understanding of the processes of adding
and subtracting. rational numbers in fraction form.

4.3.3 Computation with Decimalsf

As discussed in Chapter 2, the emphasis in the Computation and
. Knowledge Domain for Grade 8 was on computation with different sets

of'numbers. The results for Computation with Decimals are presented'

in Table 4-10.'

so
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Table 4-10
. -Grade 8 Results (N = 42 250)

/

Objective

11

Computation with Decimals (mean = 67.6%)

Item NO. Operation Percent Correct

1 Subtraction ° 79

5. 'Muleiplication 63

15 Addition,
17 . Subtraction 66

28 Division 58,

Interpretation

Satisfactory
Marginally Satisfactory
Satisfactory
Satisfactory
Marginally Satisfactory

The Interpretation Pantl felt that the students' performance
was generally satisfactory. The Panel continued by emphasizing that
in view of the implementation of the nietric system of measurement,
decimal computation is becoming more important.

One factor that may have affected the performance level was
formates of the items. The addition, subtraction, and multiplication
problems were presented in horizontal form which is considered more,
difficult than the vertical form (e.g`:, Item 1 was presented in the
form on the left In Figure 4-1,as opposed to the. foim on the -right).

"4-

Horizontal

62.1 23.8-=

Vertical.,

62.1

- 23.8

_ )

Figure 4-1: Horizontal and Vertical Format

2
, A factor involved in the dfference in performance between
Item 1 and Item 17, both subtraction problems, is that Item 17 was a
"ragged alignment" problem. In'such an exercise, one of the two ,

,numbers is presented with morwcrigits to the right. f the decimal
point than the other. Before students can do a ragged alig went
exercise,-,thu must correct the alignment by either physic ly or
mentally placing zeros in the appropriate places.

PN,
-.:)c

Recommendation 4-1: Due to the increasing importance of the decim
form-of rational numbers, aZZ teachers of mathematics should take special
care to lay_thefpundation for understanding of the expansion of the
numeration,sXem to the decimal form for rationaibnumbers: Under-
standing of the decimal form of rational numbers should then be used
-to improve performance with thefour basic operations usi ' the deci-

maZ form of rational numbers. *
4

(7--

),.
,I.

Recommendation 4L2: In future materials produced by authors a curri-
culum developers, the decimal form of rational numbers should ecede

the fraction form. The overall curriculum should placeomuch.gr ater
emphasis,on the decimal form.

,81
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° 4.3.4 Knowledge of Notation and:Terminology

At.yery level students ate expected to be familiar with certain
cdMmonl used mathematical terms as well as with the symbols ugad-to4
represent various operations, relationships and quantities. Nine igms
on the Grade 8 test were designed to assess students' familiarity with
-such notation ,and terminology. Results for the nine items are presented
in Table

Table -1

Grade 8 Results = 42 250)

Objective: Knowledge of Notation,and Terminology (mean = 70.8%)

Item No. Topic Percent Correct Panel Judgment

A
3 Square root 51 Marginally Satisfac.tory

7 Factor 78 Very Satisfactory

9 Powers of 10 73 Satisfactory

-ZO. 6,entimetres 69 Satisfactory

30 Exponents 72 very Satisfactory

33 Whdle Number 88 Very Satisfactory

34 G.C.F. 73 Very Satisfactory

44 Reciprocal 80 Very Otisfaqory
45 Primes 53 Marginally Satisfactory

The Interpretation Panel commented that the students' performance
on this objective was, with the exception of Items 3 and 45, very satis-

factory. The-Panel did not hayegreat concern abOut the low performance
on Item 3, since square root fg-well covered in Math 8. It.shouid be

noted however, that the "I don't know" response was selected by 13% of
the students on'Item 3, the third highest ranking for that response on
the entire test.

49_

For Item'9, students were asked to simplify 10
4

. Many students

learn rule for simplifying ten to any whole number power. The siMpli-
offled fo of that rule is simplmene followed by n zeroes, where n is

the specified exponent (e.g., lOW is 10 000). Seventy-three percen,t

successfully completed Item"9, but 12% picked 100,000 as the answer

which is ten followed by four zeroes. Those 12% may have been very

close to uhderstanding the symbol bdt misused the rule.

'''''sr For Item 34 (see Figure 4-2), 73%' of the'students suNasfully,
computed%the Greatest Common Facto?. Another 11% seemed to misunderstand'

the term which was being Assessed by thi but successfulVoipuied
the Least Common Multiple' of .0 and 30 an equa ly.difficult ex rcise.
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34. The greatest common factor of
24 and 3p is: . Percent\ ) `

.

.......
./.B) 6 73

C) 120 14 o 4
:,--

0) 60 ..,
3

E) I don't know

No Response

Figure 4-2: Grade 8 - Item 34'

3

1 .

As with Item.34, the.per$rmance on Item 7, presented in Figure 4-3,.
was impressive.

7. Which number is NOT a faCtor of 22? e .
Percent

A) 0 78

C) 2

.

,

k
D) 22

4loE) Idop't know ./.

// ( (
Fvure 4-3: Giade 8 - IteM 7

a

. ,

. ,

To be successfui on Item , the students either.had to correctlyt .,
/-factor 22, or'b.e Familiar with the tact that 'fen:, is not a tattor of

any non:zero number. item 7 f.,s also stated ill the negative fOrm, one
o` only two such items an the te'st.:

. -.

4.3.3 Knowrledsa of Geometric Facts

Four -itel? were designed to assess the students' knowledge of
geometric 'facts. The results the -four items are found in4Table

0
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Table 4112
G e 8 Results (N = 42 250)

Objective:, Knowledge of Gedmetnic Faces (mean = 63.2 %)
. .

Item No. Percent Correct Panel,fudgMen

39 40 '1 Margiri/ally Satisfactory
40 ,63 , Marginally Satisfactory

. 42 42 SaAsfactory
55. 78 Satisfactory

4

. .

The Interpretation Panel' we's generally satisfied with students'
performance on this objective. They felt the result on'Item 39, see
Figure 4-4, indicated that students' knowledge of types of angles

) washazy". Twenty!-six percent of the respondents selected a right
angle rather than an obtuse angle.

t

85

111 In which triangle, is anble X an
'obtuse Angle?

. Percent

A)
I'

B). Ii 12

C) III 26

D) EW 8

_ E) I don't know-

Figure 4-4: Gr,ide 8 --Item 39
.

.9.

12

No Response 1

,.*Item 40, presented in Figure 4-5, is,very similar iA nature to
item 39. It was designed to require students notunly to understand
'fhe term "diameter"but also, to select a diameter from among three
radii, a diameter, and a chord. The radius ev

0hich was not a Subset '

of the diameter was selected by la of the students.
,

8t
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'40. if N is, he centre, which segment is a,
diamet4r?

, ,,
.:---.----- - ,

4

\

A) HK

E3)

C) HP:
D) HM

Percent

18'.

63

E) I don't know,

No response

Figure 4-5: Grade 8 - Item 40

.=?ecomrenda:io 4-3y'fla'ssroom teach'ers and those involved in the
Ta:kerratics teachers should emphasize the importance of

::nstr:,-,ct-:on in seome:r?4n he lementare school mathematics curri-
fr:-(:.167; and show future teachers the race geometry holds in 60th
ma:,.nema:1.3s ever-d,dt,

?'

arSft

4.3.6 Equivalent Forms of Rational Numbers

$

The final objective in the Oqmputagoa and knowledge domain
required students to begin with a rationarnumbex in one form and
select the same rational number expressed in a different form. FiVe

.10tems"were designed to measure thiaccfuisition of the objective and
the results for.the,five items are present Table '4-13.

0
, Table 4-13 t

,

Grade 8 Results (N = 42 250) - .

Objective: Equivalent:Forms of Rational NUmbeis (m,4an 7-4F59%)

, ..

Item
4, No: Starting Form Final Form

Percent
Correct Panel Judguent

13 Unit Fraction Percent 55, Marginally Satisfactory
31 Unit Fraction Decimal 38 Marginally Satisfactory
35 Percent Dacimal 47 Weakness
46 Proper Fraction LOwest Terms 80 Very Satisfactory
51 Improper Fraction Ord Numberai: 75 Satisfactory

4 0,

r
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87 'S . _-Grade 8 students didnot appeak to have any particular dilfi-
culty in reducing fractions to lOwest terms or in changing an improper,

'Ifraction to its mixed numeral form. On the other hand, s udents ex-

el

peri nced considerable difficulty in goingl from the fract on form to
eith r the decimal, form (Item 31)'or 'the percent form (I em 13), and

.,.

ins ing from the percent form to the. decimal form .(Iteb 35). After
examining the performance on those thr e items, the Panel. concluded
that tae emphasis .should be give to relationships among rational d
numbers in fraction form, and percent form. .,

1

Both Items 13 and 31 ar,e preSented in.Figures 4-6 and 4-7, so'
a comparison of the dtstract9rs- selected maybe made.

,

;' , ..

o

0,

13. Written as a percent,
1

5

Ai 5%

d* B) 0.5%

C) 201/4'.

Dj- 507;0

4

Percent

'19 7

55

E) IdonI knew

No response

2

<L.
2'

1 ;

FigUre ! Grade 8 - Item 13,

-

4

31. Written as `a deCimal,

Ff

8

Percent

tor A) 01,2 6

6). 0.8- 4
R.,

C) . 0,-1-2.5` 38

D). 0 18
...

-- Er-*
,1 .

E) 1 don't kilow"
.

5-

No response 1 -'i el \.

t
,pigure4-7:'iGrade 8 - I #m 31 .......,

..-

I 1.. '

.

06

\ '

A

4

i
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On ,Item 13, all of the incorrect distractors use only the digits
5 and O. It appears that 50% is associated with 1/2 closely enough not
to cause confusion. However, 5% and 0.5% were each,selecte4 by 19% of
the students. One could hypothesize that the selectionas made because
5 is the denominator of 1/5. From the data one cannot teli'hovihany
students selected. 20% si6ly because it used different digits thanall
the'other distractors. t-,

Adding the information from the results of Item 31 to the results
of -Item 13 strengthens the impression that students aho selected an
incorrect answer did so because the distractor used the same digit as
the, denominator of the ,fraction. The denominator,, of the fraction .in

-Item 31 is 8 and aistractor B'is 15.8. It is` the one distraCtor that,
uses pnly the digits 0 and/8, and it was Chosen by 41% of the, students.

Though ,theiresults.may be due,,in.part, to the format of the
,distractors, the Pa was very disappqnted/in the performance (47%)
of the,studets on It 35. ,

t . 1 .
,

1 '
'Reccrn

Ct

naqtfCn 4-4.- :eacAers ofAmathemcWdS 'should e asize
,

the- rn
tc c= equi2a:en't forms 'of /Notional numbers. Students net many experiences

c?:st'ar79ing with a,rael-onal number in fraction foir, decimal 'form, or ,,'
...

-percent fo'rt_and,writing itiein-t3;e other'ia..io forms.
..., \

.r 4.4 ..est 4Regul'Z'rr Comprehension Domain ;

°

,

.

.

The Comprehensian Domain consisted of eighteen items measuring the. .6

acquisition of four. objectives. The results for the items in the CoMpie- -
hension Domain are'presented in this section organized by objective.

.,. , iik. ,
4 .

. , 4.4.1 Gqmehehcl'n of Number Concepts t
,

ii

4e,

Six items were destgnedto assess the students' comprehension
of number,concepts. The results for the six items are presented in
Table, 4-i4,

.... Table 4-I4 0 ,

Grade`48_ Results (N:= 42 250)

.

Objccti/e: Comprehension of,Number Concepts' (mean = 53.5%)
, \ ,

, /,
/ ..

1-tQm No. -'

7

Percent Co rect' NPanel Judgment

p
It . 90 's0ength ,

I.? q sv" 42 Marginally 'Satisfactory
14' 69 Satisfactory

.

`.-18 32. n 40Weakness, j
..,

47 , , v 29 Weakness . ---'
. 50 .; , 59 Satisfactory

87
k
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Item 12 see Figure 4-8, .required the students to 'simplify 0/6.

Students kttall levels/tend .to have difficulty with ..ptopertie.s of zero.
The Interpretation Panel felt that the results on this itezi ihdicate
that prollbrties of zero have not been mastered by Grade 8 students.
While the Panel judged the results df Item 12 as marginally satisfac-
tOry/ it is not surprising that the students were evenly split between
the correct answer and dislractor D, since 0/6 is 0 and 6/0 cannot be
simplified. Itis rather surprising, however, that 14% of tile students

,W.ected distractor C.

. 4 .0
_ t . \ C 4

. .

, The Itanel' also stated that tiler *seems to be an evident stren
in the understandineof place %valnevwhen cleating with whole 'numbers,

'but ,the srength is not, as 'evident when dealing with, rational numbers .
in dedimal brae. Tley expressed opinion that ,frattiOns should b,k

S, ,s presented in many. equivalent` lormr when they ate 'taught. - ,,'. e
a

(I
'q.,, .

., ,.- . Item 13, pries4nted *n 'Fliure 4-9, was judged to .be a weakness,
among, Grade 8 students. :While Pie answer 'it, a 'fraction, it tarces two

t steps to create 'the traction. of the stuidents tested, 5.3% coxtect,17
/tosk the amber of boys, as.. the .numerator,,but took the -other numbex in

4.

the problem as the denOminator. Too bkten, 'all 'that. students do with
.p prObjem is take' die nimtherS as they appear, combine them bp, a one-step._

, pro wess, -and (pbtain an answer: 'Which is' frequerW.y the:incorrfect one.
_,

-i l' ' ,

f.,

4 . ' .
, . '

ip .,, --, 4 ,-- A tihglif . s ,
s . s ., , 4

0

C) 6",
A

,14 -

0) Cannbtbedone, "31,

E) don't knir' -5

1./t

I /

,
..Figure 4-8: Grade '8 - Item I2`' /,

. . ,

(

e

4

5, I
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18. There

group.
boys?

,

B)

C)

D)

E)

are 13 boys and
What fraction

15

28

13

15

15

13

13

28

r

+5 girls in a
of the group IS

s, Percent,

it,

5

53

6

.3i

I don't knew

No response

Figure 4-9: Grade 8 - Item 18

ti

Item47, see Figure 4-J0, was also judged as-,,e weakness. From
the data collected, what actually caused 386 of the Grade 8 students
-to select 2/3 as the answer cannot be determineaq Several conjectures..
however, qan be made: : two=thirds is the-Npst commonly used fraction
of the'ser4r!,fraciiiOns presented, the stlidenti concerned themselves,

with;the:drlativekmagnitude of the denominator, the students'
c only'appfy the proceIs of pair-wise comparisions of'fractions,
the stuOents were not familiar with the prdcesstfor computing decimal
iquivalents' for the-frae0.ons or the impoviAnce of doing so. the weak
perfOrmapCe on this item underscores th9/Wortance of recommendations
4-2 and 4-4.' .

4

N

'

47: Which number is largest? 0.

10* Percent.

3 3.8"

B ) . -

3
C)

4$ ,

16 ',

D)
5

8 12

i E) -, I don't know
. 1

2

No response 1

i

Fibre.if-10: c,!ra4 8 - Item 47

-es

I

, AiNep

S

At.

.e



4.472 TOthiareEensioriaiffeigaFeit Concepts

Five items were used to measure_ acquisition of this objective.
The results for the five items are presented in Table 4:45.

Table ,6 -1f

Grade 8 Results (N = 42 250)
Objective: Comprehension-of Measurement Concepts (mean = 69.4%)

Item No. easurement ' Correct. Panel Judgment

It
1

19 mperature ' Degree Celcius 69° Satisfactory

21 Capacity ' -Litre 84 Strength
,--

22 1
Weight* Kilogram 45 k. Satisfactoryf .

23 Length Centimetre 84 Very Satisfactory

43 !Angle Degree 65 Satisfactory
4

a

Four of the five items for this objective measured students'
ability to select the appropriate metric measure. The fifth

Item 43, dealt with measurement of angles. .

The Panel found th4t thestudents were having little difficuliv,

with the skills tested bYgli specific'items4. .* Tha,Panel Wondertd.ifir

the metric concepts were.beilig well-taught or. if The generally. grpod*

results were the result of expqsure to the material:
b..

Iteth 22. yielded the lowesa:performance'level'for'this objiEtive. .
i

,_'he Panel hypothesized that th low performance may have, occurred be- : ,/- 1

cause'light (mass) in metric' units is not widely used in society at :

present. Lack of exposure may have caused` the low performande. '

,

10

e T/ 22 A ten-year-old b is likely to weigh;
Percent

A) 35 grams.t 0
Bj -'75 pros 13

'C) 35 kilograms 45

115 75 kildgrams ,
19

-

I don't know 12

No, respqpse 1

Figure'4-11rade 8 Item 22'

oh technieflly -inelorrect the yord 'malp' was used

0

r.

Of

on he teat. It was deemed more advisable to run the r1sk of being
40

v..ir

criticized. for' using the familiar word 'weigh' than to pse the decidedly.,

unfamiliar, yet correct, term:masP. '-\.

G/,

. '.

t-)0 4.
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1

On the other and, Item 19 '(see Figure 4 -12')

(-temperature, using degree Celsius as the unii. The
Was one of the first metric units to be iiltroduced
the result of .this item is no!ery,

,19. The temperiture on a sunny summer

.

clay:Would most likely be:
.Percent

4 A4 5° Celsius 5

B) 25°' Celsius

C) 55% Celsius

D) §5° Cglsius

E) I don't know

.1 No- response

69

12

9

is an item on
degree Celsius
in Canada, but

iguje 4-12: Grade-8 - Item 19

*If

The students' performance on me length (Item 23) 'and, metric
calAc ty (Item 21) was very 'pod, both 84%. The Panel did say, however,
that as Clinada g'es metric these performance levels, on the metric
measurement items for this assesser may'not be viewed so favouiably
on future assessments.

. A .. , ,

-4.4.3 'Campreheneon of Geometric Concepts

4

The stude nts ability on this object ive was measured by four
items.. The results for the four-items are presented in Table-4-16.4 '

.

Table 4-16,
. ":"- ,Grade .8 Results (N = 42 250i

-Objective: tbilOrelrension-of Geometrit Concepts

t

(mean = 53.8%),

Percent Correct panel Judgment

(

69-

24

63

Satisfactory
Marginally Satisfactory
vleakness

Satisfactory

0,

91



A

V'7

7

52.

4

The

the entire
height of
product
More surprising
tor,B.

On Item

Find the area

6

93
students' performance on Item 52 was the 'second lowest on
test. Forty-two percent_of them simply multiplied the .

the triangle by the base and neglected to multiply. that
by I/2. Such an error is common when working with triangles.

however is that 18%,of the students seiesied distrac-
In other words; they.added the height and base ofthe triangle IIP

54, finding the volume of a box, 13% of the studentsadded the
instead of multiplying them. t

.
Pecentof this right triangle. . A r

.1 . .

;

A) 42 7°' 24

B) 20 18

C, ) 84 42-4-

14
4*

D) 21 4

,
E) I don't know 11

No response 1

Figure 4-13: Grade 8 Item 52

ti

As the.Panel stated in its summary comments, Geometry is con-
?. Sidered important in-everyday life. 4Perhaps the emphasis on basic

arithmetic has contributed to:the deterioration in the comprehension
of geometric concepts. The difference between the mean peicent correct
for Computation' with.Whole'Numbers and Comprehension of Geo tric Con-

cepts is exactly 30% (03.8% -vs- 53.8%). The Grade 8 ,stude t popula- .

tion in British'Columbia.appears to be fairly well drilled i computa-
tion

,

tion with whole numbers but not so adept at comprehension o ometric
concepts.

The Panel also wondered if teachers are postponing the teaching
of geometry so that it gets done only if there is sufficient .time in .

the year. . ,

'41:f

-:The Grade 8 students' performance on this objective was dis-
appointing'and the Panel's summary comment was that an overall weakneds
is evident. they felt that if geometry is:to be considered important,
then Perhaps the approach and placement in the curriculum hould be
examined. Furthermore, they expressed the opinion that ical uses

of geometry should be emphasized.

.e."

omnyndation No..4-5; Teachers shoul4 greater emphasis upon
the topics of geometry and measurement Az Arir mathematics classed

92
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4.4.4 Comprehension of AlgebraiCtoncepts

'

The Grade 8 test contained three itemadeeigned to assess
students' ability on this objective and two of these were repeated'

( on the Grade 12 test. The Panel's comment that there were not suf-
/` ficient items to adequately test this objective is.well taken. ,

However, no attempt was made to assess this objeCtiven depth at
any of the grade le'rels, and certainly not at Grade 4 and 8.' The
results of the three items are summarized in Table 4-17.

- ,- Table 4-)7 0
i Grade-.8 Results (N = 42 250)

Objectf) ve.: Comprehension of Algebraic Concepts (mean = 52.7%)
/--,

. , -.__'!,

Item No. Percent Correct -Pacriel Jtaidient

%

48
56

57

11-

18

72

68

Weakness
Satisfactory
Satisfactory

, . 4
\

to .

e .4
The Panel felt the results were generally pleasing in this, area

,

for the Grade 8 level. Almost all of the Panel's comments dealt with r,

t thextremely low performance, the lowest on'the-test, -o6 Item 48. ,

Not, surprisingly, Item 48 is also the item that yielded the second -------
highest percent on the test (16%)"of studentsselectlng. the "I 't

was sele ted by 36% of the students tested and 20, Ohich.co esponds**--rft
(-- know" di*tractor. The response of 156 which corresppnds to (3 -4) (8-2),

to (30-4 (8-2), was selected by 25% of the students. Both distractors.
were seli ted more often than the correct-one:

, 48. Skill) !Hy: 30.- 4 (8 - 2

A) 0
w4ek, B) 20

C) 156

D) 6

E) I don't know

No response,

t.7

Percent

2 S

-25

36

18

Figure 4-14: Grade 8 - Item 48

9,3
1

16

1

eb
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40.

The Panel cortIluded from the results of Item 48 that the order 95

of operations concept is not being learned and more emphasis should
be placed'upon it in Grade 7. More Importantly, however, the Panel

felt that an evaluation should be made concerning-the importance of
the order of operations concept'and w)1ether or not it should be in

the curriculum at this level.

It should be noted that the order of operations concept was not
only important enough to be placed in the proposed Core Curriculum by
the Ministry of Education, but also the necessity of including an
order of operation item from the assessment test was mentioned by all

four, Review Panels. It was,in resionse to such suggestions that Item

8 was included ein the test.

The Panel was satisfied with the lierforwance on the other two

items for this objective, Item 56 (evaluating an algebraic expression) e.

and Item 57 (solving an equation).

Recommendation 44: If the order of operation concept is to remain a

part of tha)Curriculum of the elementary grades; then teachers_must
place more emphasis upon it.

4.5 Test Results: Applications Domain

r'* f \ .

For Grade 8,'the Applications Domain had only Ike0jectives, acquis7
ition.of which was measured by ten &tem. Th

4.

Olkusa$011-,of he results for
hu

..Z*the Applications Domain is presented in this sect/ qiaptz by objective.

4.5.1 Solve Problems InvofvingOperatio ith Different Sets of Numbers

Seven items were designed to ass s qudents""ability to solve
problems involving operations with whole milibers, fractions, decimals,

and percent. The results for those seven items are presented in Table

4-18.

r

N 01'

- Table 4 -18

Grade 8 Results (N = 42 250)
Objective: Solving Problems Involving Operations
-with Different Sets of Numbers (mean = 62.6%) -

4
Item No. Percent Correct Panel Judgment(

, 24

25
26
27
58

59

,60

91

60 /

63

63

66

57

38

Strength
Satisfactory
Satisfactory
Satisfactory'
Satisfactory
Satisfactory
Marginally Satisfactory

94
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The students' .performance on each of IteMs 25, 26, 27, 58,

;-:%59'Was judged tckheAktisfaCtory. The Panel felt that perhaps the
'concept of arithmetic average, and the topic of circle graphs,
should b n additian41 emphasis by teacher6 in Grades 7 and 8,

Item 58, .6D were all based on the samelircle graph,
but only em 6D is g *11 below.

.o.

L

'Tne.1200=students in a secondary school were_asked to name their'
favourite Olympic sport. The rekutts are shown in thet, circle graph above.

60. How many more students chose figure skating than gymnastics?

ler

xi

'Percent''

4 A) 420 studen9§ 7

B) 35 students 19

c 60 students 38'

D) 6 stOents 24

E) I don't know 10

No response 1

Figirre 4'-15: Grade 8 - Item 60

/ ,As the Panel stated.; the result on Item 60 was
.

somewhat dis-
Ppointing considering tiie different methods, of solution available to

\* students., Nineteen petceht of the students simply added the percentages
given and used the sum as the number of students. Twdnty-four percent
of them subtracted the percentages an used the difference as the number
of students.

Item 24 is an extellent-example f. how well Grade students can
perform.a one-step problem. For Item the,student'multiplies the
only two numbers proided and has,the nswer. The,9121performance- ,

level certainly represents a strength
cs'

k

. -4-

14' 0'
Agm



24. There are 25 members in the volleyball

club. if the cost for each uniform is $24,

how much would it cost to buy ,new

uniforms for ail the club members?

2

B)

Figure 4-16: Grade 8 - Item 24

$ 49

$6600

$ 600.

$ 5

I don't know 2

No response 1

Percent

2

-3

91

2

."

Th

Recommendation 4-7: Teachera,ofmathematics at all levels must
emphasize problemsolving. Problem solving cannot be justkone \ \
unit among many; it should be given high priority as being central
to all aspects of mathematics. Students must have many experiences. \
of solving multi-step problems and they should be taught to verify
the reasonableness a: their answers to problems.

r ,

,v 4.5.2 Solve Problems Involving Geometry and Measurement

Thfee items were signed to assess the Grade 8tudents'_
ability to solve problems involving geometry and measureme , .The
resultAfor the three items are presented in Table 4-19.

4
Table 4-19

Grade 8 Results (N = 42 250)
Objective: SolvingProblem Involving Geometry and Mea cement

(mean = 51%)

Item No. Percent Correa)
0'

'Panel Judgment

36

37 .

.53dr

:Or

66 Very Satisf tory
27 -Weakness.
60 Margin4ly Satisfactory

pt
. .

, 46 .--. _.,'
',)

As the InVrpTetation Panel pointed out, the performance of the
-i., students on Item 3), see Figure 4-1'7, is very disappofhting The Panel

felt the low performance indicated the students li'ck 'dn'understandAng'
of the concept .2f area. While the figure accompanying Item'37 was drawn_, .

to be as clear as .possible, it may have still confused the students.` ==.1-<-- °Ai'

;,.

jlo,_,ver, the fact more students s lected the 'area, of the ,portion`,portion":
(96) as the answer than the correct'ansTfpiwould lend,support,:zto ,th'e be= J

- lief that it was' not the ,figure that caused the low performance. ."I don't

knew" was selected by poreestudents (21%) on Item7 than,any other item
on the test.

,-
=,' ' , ,

, .
,

,

(
. 4

9', ,k
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.

1111
11111.1111.1
Arz z4

15

10

r

37. What is the area of the shaded portion
of this figure?

ercent

A) 54 g 27

B) 96 28

C) 120 11

D) 60

1

EY I don't know 21

No response 2

Figure 4-:17: Grade 8 - Item 37

4 ,

The Panel was very satisfied with resulti for Item 36, especially
because of the reading involved and the possible conpsipn introduted by
using metric units. Though it is agreed that the performance level. was
very satisfactory, 11% of the respondents marked "I don't know" and 12%
of the respondents marked 625 as the answer. Students selecting 625 as
the answer combined the numbers provided with the wrong operation, mul-
tiplication instead of division.

.

The following quote from the'Pandl's report on the Grade 8 test
serves as a good summary, for this objective:

"In summary, it was felt that the questions and answers
(distractors) were generally'well constructed ind that the
students' responses were satisfactory, given the apparent
low priority accorded probleth solving. Problem solving,
not merely 'word problems', and applications should be seen
as a major focus or cote of Graded 4 through 8 curricula.

.

Various models:or strategies for problem solving should be
emphasized strongly by teacher training institutions, and

, through in-serviee programs. This area of mathematics 'Should
be conveyed to teachers and students alike as being'central
to all of mathematics."

'IS

4.6 Graded Reporting Categories a

Mathematics achievement is the end result of the coal'epcing of a gieat
number of student-based factors,both intrinsic and extr nsic. Attributes .

inherent in the student, programatic and curricular.var well as
the eff ct of environmental variables such as teacher ifferences all con-

'tribute in varying ands largely unknown degree to agi en student's overall
'performance. Of the fairly.large number of such variables which the con-
ventional wisdom, current educatioftal practice, an4 the endeavours of edu-
cational' researchers have identifiedas being related.to mathematics
achievement, a limited nuLtber were 'selected for scrutiny in the Mathematics
Assessment (see Chapter 1, Section 1.4).

.
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A great deal more information concerning the relat,.onship between

.

certain personal background variables and achievement on the Mathematics
,Assessment test was collected than could possibly be reported in this
vaume. A more .complete rendering may be found in the TeChnicaleRepoxt
dealin4.with test results whi4h,is obtainable fiom the.Learning Assess--
ment Branch. Researchers or others who with. to have access to the original
data- in order to seek answers to their own questions on issues relevant
to the Mdthematits Assessment should also direct their requests to the,.

.,

.LearningAssessment Branth.

. In the sections that follow, all of the
4 mendations.mad& are based upon correlational

to imply that:cause and effect relationships
Assessment was not design&I to identify such

A

results reported and recom-
trends. No attempt is made
exist since tl ilo Mathematics

relationships.

, It,remains for studies designed as follow-ups to the present one to
seek tO-identify such relationships. Thus, while the assessment results'
show several fairly strong relationships between a studeux's sex,and that
student's achievement in, m4tematics, this does not imply that achieve-, 411/...

Fent in mathematics is determined by a student's sex. All that can be said

on the basis' of the assessment data is that there appears-to be a relation-
.ship between the two variables.

1. .

For each of the reporting categories disCussed in succeeding sections,
reference is, made to the various domains, objectives, and items evaivated
in the Mathematics Assessment. For ease of reference, a labelling'systeT
for domains and objectives has been adopted and will be used throughout
the remainder of this chapter. Each objective has been assigne a code

number consisting'of two digits separated by a period. For.ex ple,

Objective 2.3-refers to Domain 2 (Comprehension), Objec.L.iz 3 Comprehen-

sion of Geometric Concepts). In Table 4-20, which follows,-the rightmost

column indicates thesectionof Chapter 4 Where the Grade 8 population
results for the appropriate objective' were initiallediscussed.

4-20Table
Grade '&: Code Numbets Used fob Objectives

I

Code Number Ot,.4ective,

Report SC"Eion for Ik

Population Results

1.1

01..2.

1.3

1.4
1.5

1.6
2.1

2.2

2.3

2.4

3.1

3.2

. Computation with Whole.Numbers
Computation with Fractions
Computation with Decimals
Notation and Terminology
Knowledge of Geometric Facts-
Equivalent Forms of Rational Numbers

)
Number Concept

,.

.,,.

Measurement Concepts
Geometric Concepts 1

Algebraic Concepts .....

Arithmetic Problems --...--

:Peometry and' Measurement Problems
0

,

k ''

4.3.1

4.3.2

4.3.3
4.3.4
4.3.5
4.3.6
404.1

4.4.2

4.4.3
4,.4..4

4.5.1

4.5.2

.
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. 4.6:1 Ages

4

The graph diSplayed 1n. Figure 4-18 presents a cOmparisoTI.of,
---sEbdent ,performance erformance on each objeCtive for each of four ag grouping!:

15 years nr older, 14 year olds, 13 year olds, 12 years or younger.
On eleven of the twelve objectives, pkrforwce increases wits a
decrease in age up to the 13 year old. The 12 years and younger $
group's performance is less than or equal to the 13'year .olds' per,
formance, on eleven objectives and about` two percent greater on ob-
jective 3:2: The 15 years or older group's performance was an average
of about eighteen percent below the provincial mean. While the per-
formance of the 13 year old and 14 year old groups, representing
over ninety percent of the population, have a muchgYeaterAmpact
upon the' provincial mean than those of the other.groupshe relative

'_positiog of each group is clearly iiplied-by the data. ;

100. D

rP

. .80 .0 : ---'
V , , It

...."\
70.0 -'

\'' \\t\r- -.........../ . A., .

.:, .v, \ \ /
At.

\ \-1-----'1..--.\\ \:%i;.\ /A .ROUl''' MEAN 1 \ °s--, .N. I i V
.'x-1(PERCENT l GILD

1

1
%., .N....N. /

to ' ''' . 1t

.'7

.\ // 1 ,

/A
41 . -..-. i / \ tif3`VOIER

, '4 I '' -..../ \SO .0 '--, « -. 1 . \ 1 \,A4
N / / I \ \ 14 'TEF1R outsV

1, / I
I \ J t\ \-/90.0 ---, , *N._ ... - 4

-

4.
N \/

N. \. ,

I

30.0 -

C-

\. 15 OR cur.)?

311 111.2 1.3 1.r 1-1
13 .6 2,1 2.2 21.3 2.4 311 31T

, .

OBJECT IVES

llgure 4 -18:
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4:6.2 ,Sex Differences
101

Both NLSMA and NAEP reported that girls putperfprited,boys only
'in those areas of mathematica, such as computational sills which
involve limier level -cognitive behaviours. Based on such results one
would expect thegicls to outperform the boys in Domain,l, Computation
and Knowledge, and the boys 16 outperform the girls on the other two
domains. The data prsented in Figure 4-19 supports the NLSMA and,
NAEP results quite'elearly1 alehough.many1of.the differences are
rather small in Sie.

,

.

/
-

Each group' performed bette; than the other on six objectives,
but of the six objectives on which the girls scored higher,-five_are
in Domain 1 the Lowest cognitive behaviour level.

.

UM>

, 1110

80.0

RDIJP. MEAN '1'.0
PERCENT)

e" 60.0

50.13

40.0

eve

/

1

I

1 %

1 I
I I 1

I ,

1

-, if \\
\ ' t;Flut

V

FEMALE

07.

5

e

I.. V

11.3 11.4 11.5 1t6 21.1 2142 Z.3 2.4 ° 2.1 1. 312

OBJECTIVES,

Figure 4-13: Grade 8 Results by,Sex'

loo.
7 SD,
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a

4.6.3 Number of School?Attended

The pattern of performance organized by the nuM6er of schools.
the students hav,attended is an extremely consistent one as shown
in Figure 4-20. The performance 'among those who have attended eight
or more schools, is always lowest, the next lowest performance' is by
either the one-school group or the seven-schools group. The highest
performance is achieved by the two-school group on every objective. ,

The two-school group's performance:is followed in order by the per-.
formances of the three-school group, then the four-school group, they
the five-school group, and then the six-school group.

The performance always increases from the one-school group to
the two-school group. From the two-school group to the six-school

yffgroup, there is a consiscent but slight decrease. The decrease in '

performance is then more pronounced for the seven-school group and
the eight-or7more group.'

300.

-90.0

60 .0

,GROUP MERN
(PERCENT)

4
60.0

50,0

40.0

1

A-
; \

i....
i \

ir.3c...L.:...3.

1.,....,,..
's 5 OR )40St

'.. 4 sti.. ...ts

. \ ,

..

9

r 'N
I I 1 I 11.1 1.2 1.,3 1.4 1.3 1.6 2/.1 212 2.r 3 2.1 4 3.1 3 2

OBJECT IVES \

Figdre 4-20: Grade 8 Results
by Number of Schools Attended
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'4.6.4 Use of Hand-Held Calculators

Students were asked whether or not they used hand-held calCu-,
iators at home, at school, or for homework. Figures 4-21 through
4-23 chart the assessment results for these three.aspects of,calcu-
lator use.

4

- 103

GROUP MEAN "D-
(PERCENT)

1

PA OA 11.3 1(4 i.4\11.6 21.1 7.1 7 7.3 2.4 3.1 1..7

' OBJECTIVES

) Figure 4-21:'G ade 8 Results
, by Whether or Not a Student uses a Hand-Hel

at ome
Calculator

/ -

Those ,students who, used a hand-held calculator t home outperformed
the students who did not use-a hand-held calculator At home on eleven
of the twelve objebtives. The non-users oi-calculat6rs at hgme performed
higher on'Objective1.1, Computation with Whole Dumb rs.

i
i

.. . 'I I

7-\ 10 2 -

t
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300.

10.0

10.0

GROUP MEM
(PERCENT]

es.9

1

G0.0

30.0

-f

e-
ler

1/.1 11Z 113 3.4 1!3 11.6 2/.3' Zia ZI.3 1/.41.11.1 11.2

OBJECTIVES

'Figure 4-22: Grade 8 'Results,
by .Use.' f Hand-Head Calcdlators for Homework

Students whp used a hand-held calculator to do their homework
.

outperformed non-users on eight of the-twelve objeetivesi'thetwo
groupstiei onsObjective 3.1, and nonusers,7 utperformed the\gthers
on three objectives. cInterestingly,.the objetives'on,Which the:
students who did not use a hand-held Calculator for their-homework
,..stareZ higher were all computational objectives -- f.1, Computation
with Whole Numbers; 1.2(Computation with Rational Numbers i'n Frac- J.
tion Form; and 1.3,.Computatidh with Ratl.onal NUmbers in Decimal
Form.

.-f

For the categoty"concerningyhether or not the .students used
a hand -held calculator at school, the pattern is reversed and very
consistent. ne,studenbs who did not use a hand-held calculator at
school outperformed the students who did on every objective.

103.
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300.

10.0

110.0

. ' GROUP. MEAN 1"
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4.6.5 Time Spent on Assignments

The question concerning the amount of time spent on mathematics
assignments outside of regular class was directed only to thode students
who had. responded that they were taking a mathematics course at the
time of the Mathematics Assessment. Of the 42 250 students who wrote
the test 2 866, or pbout seven percent, responded'thdt they were not
taking a mathematics course. The breakdown of the data based on the
amount of time spent bn mathematics assignments outside of the regular..
class, i.e., homework; can be found itn' Table 4-7 of Section k.2.7 of
this chapter.

1

The 'performance patterns are very distinct. when the dataare
presented graphically, as in Figure .4 -24. The group that did spend
some time, but less than thirty minutes a day, on math4atIcs home-
work.outperformed the three other groups .on every objective.

The belief that one cannot spend too much time on homework does
not appear to be supported by these results, since the group spending.
more than sixty minutes a day scored lower than the other three groups
on every Objective. On the other hand, it may be that.the poorer stu-.
dents Omply take longer to complete the assignments. In any event,
the performance of the thirty.to sixty minutes a day grail) more closely
paralleled the top group's performance, and the 'none at all" group
more,closely paralleled the.bottom groups performance.
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Figure 4-24: Grade 8 Results by Time Spent on Assignments.
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'4.7 Reporting Categories fromReading Assessment'

Ir addition tg the Mathematics test, ,an assessment in R ding was also
given at the Grade 8 level. These two tests contained simil r, and in some
cases iaeittical, background-information questions.. On both t e Mathematics
and Reading tests, student6 were askedtheir-birth date, sex, and number of
schools attended. Uiing the common information, a computer s arch was able
to match the complete reading and mathematics data for.sixty-s x percent of
the students. A data file was created to contain the informat on and results
on both tests for these matched students so that comparisons b tweet' their
performances on the two tests could be made.

,107

The new data file wes used to obtain further information on student
performance and to correlate certain aspects of student performa ce in
mathematicS with student performanCe in reading. In Section 4.6 f this
report the data of the-tathematics Assessment for Grade 8 were organized
according to certain reporting categories such as age', sex, and uSe of hand-
held calculators. In this section the Mathematics,Assessmentdatafor Grade
C ate organized by flk :cdorting categories obtained from the Reading Asgess-

\ment. 4.

Domain Two of the Reading Assessment wag Comprehension as it was in the
Mathematics Aisessment. dorrelations were computed on the Grade 8 ikithematics
Assessment results forithe four objectivesof the Comprehension Domain and the 4.

tvio objectives of the:Application,Domain with the Reading Assessment \esults
for the two objectives of.their Comprehension Domain. :

4.7.1 Reading Reporting.Categorits

The'two reporting categeries from the Grade 8 Bcading Ass ssment
which are presentecl in this-section coricern language groups and elevision
etching The .thiee items shown in Figure 4-25 appeared On the rade 8
Reading test.

1. . Were you born in Canada?

Yes .
. . E \.

, \.
sr,0 . . r t E t ,

, I

2. Did'you usually spek a language other than I

_...,

m.glish,before you started Grade 1?
. . .

,

/ \

Yes . c E
\ No . : . r--. ,' \

3.. Is English the language usually spoken in.
yourhome94. \

Yes . .

No

Figure'4-25: Place of Birth and Language
Items from the Grade 8 Reading Assessment Test

1 0
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The results for the three items were used.to organize the Grade 8
students into five groups. The groups were defined as follows:

1. Non-Canadian; Non-English -- All Grade 8 seudents who responded!
"No" to Item 1,'"Yes" to Item,2, and "No" to ,tet 3 in Figure

4-25.

2: Canadian,.Non-English --"All Grade -8 students who responded "Yes".
to Item 1, 'Yes' to Item 2,, and "No" to Item 3 in Figure 4-25.

3.' Fiist Generation Canadians -- All Grade 8.students'who responded.
"Yee to Item 1, "No" to Item 2, and "No" to Item 3 in Figure
4-25.

4. No&tanadian, English -- Grade' 8 students who responded "No"

to Item 1-, "No" to Item 2, and "Yes" to Item 3 in Figure

5., Canadian, English -- All Grqde 8 students who responded °Yes"
to Item 1, "No" to Item 2, and "Yes" to Item 3'in Figure 4-25.

Once the data were organized into the flue groups, the results
on each of the three domains foi the Grade 8 Mathematics Assessment
were computed. The five group averages for each,dpmain are presented,

in Figure 4-26!

NON -CANAD

VON -1a1C1311

/

CANADIAN

NON -CICLI tM

1ST CCU CkATIDN

CANAD

NON-CANADIAN CANADIAN

MUG! MCI.IiM

Figure 4-26: ,Grade 8 Results by Language Group
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The Non - Canadian, non7English griibp of Grade 8 students obtained
or the highest selbre,on all three domains. The first generation. Canadian

group scored lowest on'all three domains. The middle three groups'
average rankings were close together, differing by less than one perten-
tage pgint. These results indicate that students who have a non-English
speaking background Perfo'rm well in mathematics and are certainly pot
disadvantaged in this respect.

4

.1.
'Recommendation 4-8: Researchers should investigate the-Precise nature,

of the 'relationship between language background and ,achievement in
mathematics.

%
_

,

The'item shown in Figtire.4-21 also appeared on, the Grade,8'Reading
Assessment test,

-
About hOw many''-hours oltelevision,dp you

watch.on.an.average day during the. week?

Usually none . . 0
..

'Less than'l hour , LI
. CD 4 k

About 1 hour .

aAbout 2 hour's ..' , . .

i

,

About 3 hours M.
.

About _4 hOurs .. ,
.. [1]

.
5 hours or mote ii. 0;:

Figure 4.-27: Televlsion.Watnhing Item
from the Grade`8 Reading Assessment

The Grade C results from the,Mathematics Asse eat were,-organized
into seven groups based on the seven choJoites shown in the item in Figure
4-27. The results Are presented in Figure 4-28.

.The Grade 8 students who watched less than one hour of television
per dex during the week-had the best performance,followed closely by
the about-one-hour group. The pattern among all of the.groups is 14
that the more television that is watched,, the lower the performance
on the MathematicS Assessment. The non - television group's performance
was about Midway between the 001AI-three-honks and the about-four-hours
groups. ,

The pattern exhibited in the Grade results' is very different
-from the pat5ern that existed' iii the Grade/Year 4 data, as presented

in Sectiom 3.6 of tbis report.
1
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./

GROUP MEAN
PERCEN4A

-

;

100.

90 .0'

SD 0

70 .0

SO .0

11:1 0

USLIFLL T
POSE

HOURS
C.

Figure 4-28:, Grade 8 ResUlts by Television Watching'

3 at
race

4.7.2 Correlation 0041117ig-Results with Mathematics Results

Domain Two of'the Reading Assessment was entitleeComprehension
as was Domain Two of the Ma ematics Assessment- Both tests attempted
to assess comprehension of heir respective content areas. To pee if
there was a relationship b tween scores in reading and scOres in mathe-
matics, correlations were computed between the four objectives of Domain.
Two of the Mathematics Assessment and the two objectives of Domain Two
-of the Reading Assessment.

Since all the itemsj'exdpi one, of the Applicaticns Domain of
the Mathematics Assessment requir4d a great deal of reading compared to
the other test items, correlations petweeri the two objectives of Domain
ThrezfR ihe Mathematics AssesSment and the tx.76 objectives of Domain..Two
of the eadikng Assessment were also computed. AII,twelve correlations
are presentkd in Table 4-21.

NNW
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to 7 Table 4-21
Grade 8: Correlations of Reading and Mathematics Results

is

Reading Mathematics Objectives,

Objectives 2.1 2.2 2.3 264 3.1 3.2

2.1 0.36 0.33 0.3,3 0.32 0.43 0.39
2.2 0.39 ,0.33 '0.33 0.31 0.43 0.39

111

The test to determine if a correlation %is significantly different
from zero is dependent upon the size of the sample. Given a sample of

. size 27 847, a correlation of 0.02 or greater would be statistically
significantly different from zero. Hence it is more appropriate to
talk of educational significance. Glass and Stanley present the follow-

- ing categorization of correlations: if the Correlation is less than or
equal to 0.2.then it should be considered weak; if the correlation is
between 0.2 and'0.6, then it should be considered of moderate strength;
if the correlation is greater than or equal to 0.8, then It should be
'considered strong.

o

All of the correlations in Table 4-21 are of. moderate strength.
,Within a domain the correlations, are very' consistent and between the
two objectives of the Reading Assessment the correlations.are very con-
sistent. The correlations for the four objectives dbmain Two of the
Mathematics Assessment differ by only 0.08 and half of the correlations
are 0.33. Of the correlations for each mathematics objective with the
two /corresponding reading objectives, four are identical. The correla-
tiOns for Domain, Three average about 0.07 greater thallthe correlations
for Domain Two.

f

4.8 Summary and Recommendations

The Grade 8 test consisted of 'sixty items measuring acqUisition of twelve
objectives in three domains. In addition to the content items, the test con-
tained ten items dealing with student background information. Both the content

.and background - information items were presented'in multiple choice format.
Every content item had five foils or distracters of which four were possible,
answers, while the last was "I 'don't know". Students responded to the test
items by marking their response on a mark-s4 ense card which had been specially
designed for the Grade 8 Mathdinatics Assessment.

s 1.10
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The background information al4showed that over ninety-five percent

of the Grade 8 students spent de hour or less,per day on mathematics
homework and that about fifte percent of these spent no time at all on
mathematics homework: Almost hirty petont of the students had used a
hand-held calculator for home,agrk. A

1, r "41
4.8.1 Background Information '4,

Based upOn the data githere frowthe ten background informa-
tion items, over ninety percen4 of,the'Grade 8 students were within
the normal age range expected and,1300' More boys than girls took the
test. Almost one out of every fout students had already attended
five, schools while less than a!third of the students had attended
only two schools, presumably One elementary school and one secondary
school. Over two-thirds of the students were attending non-semestered
schools and almost ninety percent were enrolled in Math 8 at the time

--of the administration of the test:

qt. /

The background information also showed that over ninety-five
\ perceht of the Grade 8 studentg snnt one hour or less per day on

mathematics homework and that about fifteen pefcent of these spent(
no dime at all on mathematics homework. Almost thirty percent of

the Students had used 'a hand-held calculator for homework.

4.8. Test Results

1.471V In the Computation and Knowledge Domain, Grade 8 students per-
formed satisfactorily on computation with whole numbers, common frac-

tions, and decimal fractions. They also performed satisfactorily on
the items for Knowledge of Notation and TerMinology and Knowledgejbf
Ggomeasic Facts, ,

The poorest performance by Grade 8 students in' Domain 1 was

IIP".:with Equivalent Forms* Rational Numbers. While they did not have
'-:any particular difficulty changing a common fraction to an equivalent
common fraction, they did have difficulty changin g av'common fraction
to an equivalent decimal'fraction and to a percent.

The students', performance on items from the Comprehension
Domain was mixed, with both strengths and weaknesses being noted.
The weaknesses were with items concerning basic fraction concepts,
selecting the largest common fraction from a list, amd finding the
area of a right triangle. The .lowest performance on the entire test

was on the order Of operations item in the Comprehension Domain.

The strengths noted in the Comprehension Domain were with items
concerning place value with whole numbers and the metric units of capa-
city: Students also performed well on the item concerning the metric
units of length.

P Grade 8 st dents also performed at a satisfactory level on the.
items of the Appl cations Domain._ The only weakness indicated was with
one item dealing with area, They-performed very well on a word problem
.involving whole number multiplication 'an on a' word problem invOlving

whole number division.
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4.8.3 Reporting Categories

Mathematics achievement is the.end result of the coalescing of
a great'number of student-based factors, both intrinsic and extrinsic.
Attributes inherent in the tudent, programatic and curricular variables,
as well as the ef4ect of environmental variables such as teacher differ-

ences all contribute in varying and"largely,unknown degrees to a given
student's overall performance. Of the fairly large 'number of such vari-
ables which the conventional wisdom, current educatiOnal practice, and
the endeavours of educational' researchers have identified as being re-
lated to mathematics achievement, the ones seleq4ted for scrutiny in the
Grade 8 Mathematics Assessment were age, sex, number of schools attended,
use of hand-held calculators, and time spent on mathematics homework.

Age Differences -- On eleven of the twellie objectives, the perfor-
mance generally increased with a decrease in age. /The performance a the
twelve years or younger group as not as good-as -fhe thirteen year olds'
but it was never less than that of the fourteen year olds. The fifteen
years or older group's performance was an average of about eighteen per-
cent below the provincial mean.

'Sex Differences -- Each groUp perfbrmed better thankthe other on
six of the objectives, but'of the six objectives on which the girls ob-
tained the higher performance, five were in ,Domain One.

\Number of Schools Attended'-- Those Grade 8 students who had atten-
ded two schools performed better than all of the other groups on every
objective. The pattern exhibited was that the fewer schools attended,
the higher the performAlce. The single exception to this-pattern was the
one school group which hathe second lOwest performance on eight of the
twelve'objectives.

Use Of Hand-Fela Calculators -- Students who used a hand-held
calculator at home outperfOrmed the students who did not use a hand-held
calculator at home on elleven of the twelve objeCtives. Students who used
a hand-held calcul'tor to do their homework had.higher performance than
the non-users on eight of the twelve objectives. The two groups tied o
Objective 3.1, and the non-users' performance was higher on three obje tives.
Interestingly, those three objectives on which the performance was higher
for those students xiho do not use a hand -held calculator for their homework
'weretall computationP1 objectives. For the category concerning whether or
not Grade 8 students used a hand-held calculator at school, the pattern
was reversed and very consistent. Students who did not use a hand -held
calculator at school outperformed-the students who did on every objective.

113

Time Spent on, Homework -- The group that did spend some out-of-cla.4s
time on mathematics assignments, but less than thirty minutes per day,
outperformed the three other groups on every objective.

.
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4.8,4 Data From the Reading Assessment,'

In addition to the mathematics test, an assessment test in Reading
was also giVen.at the Grade 8 level. Thesetwo tests contained similar,
and n some cases identical, background information questions. On both

Mathemqtro$ and Reading tests, students wtre asked their birth date,
sex, and number'of schools attended. Using the common information, a
computer;geareh,was able to Match and complete reading and mathematics
data for sixty -six percent of the Grade 8 students. A data file was
created to contain the information and results on both tests for the
matcheestudents so that comparisons between 'their performances on the
two, tests Could be made.. The two reporting categories which 'were Pre-'
sented.fvm the Grade 8 Reading, Assessment concerned language and televi.sifin
watching.! °

Language -- The Grade Oata were grouped according whether the
students had been born in Canada, whether they usually spoke a language
other than English before starting Grade 1, and whether English tasitbe
language usually spoken in the home. The results showed the performance
of the non-Canadian, non-English group to be the best overall.

I

Television Watching -- Gr4de'8 students who watched some but less
than one hour of television pg4 day during the week had the best perfor-
mance followed closely by the group that watched television aboilt one hour
per day. The pattern among all the groups was that the more television
watched,.the lower the performance. The no-television group ranked about
midway between the about- three -hours and 'about-four-hours groups.

4.8,5 Recommendations

Based o the data presented in this chapter, the following recom-
mendations wer made.

Recommendation 4-1: Due to the increasing importance of the decimal form
of rational numbers, all teachers of mathematics.sh6lad take special care
to lay the foundation for understanding of the expansion of the numeration
system to the decimal form of rational numbers. Understanding of the deci-
mal form of rational numbers should then be used to improve performance
with the four basic operations using the decimal form of rational numbers.

Recommendation 4-2: In future materials produced by authors and curriculum
developers, the decimal fOrm of rational numbers should precede the fraction
form. The overall curriculum should plabe much greater emphasis on the
decimal form.

Recommendation 4-3: Classroom teachers and those involved in the training
of mathematics teachers should emphasize the importance of instruction in
geometry in the ele,lentary school mathematics curricula, and show future
teachers the place geometer holds in both mathematics and everyday life.

6
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Recommendation-4 -4: Teacher of mathematics should emphasinze the area of

equivalent forms of rational numbers. Students need many experiences of

starting with a rational numbel, in fraction form, decima forth, or percent

form and writing it in the' °theta- two forms.
41(1,

- A

Recommendation 4-5: Tethers should place greater emphasis upon the topics

of geometry and measurement in their mathematics classes.

Recommendation,4 -6: If the Apr of operations concept is to'remain a
part of the curriculum of the elementary grades, then teachers must place.,:,'

more emphasis upon'it.

Recommendation 4-7: Teachers of mathematics at all levels. must emphasize

probldm solving. Problem solving cannot be jut one unit among many; it '-
should be given a high priority as being central to all aspedts of mathe-

matics. Students must have many experiences of solving multi-step problems
and they should be taugkt to verify .the reasonableness of their answers to

problems.

Recommendation 4-8:
the relationship be

1

9

ear

Reseachers should investigate the precise nature of
language background and achievement in mathematics.
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Chapter 5

GRADE, 12 : RESULTS, INTERPRETATION, AND RECOMMENDATIONS
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The resultobtained onthe Grade 12 Mathematics,Assessment test are
Aesented anSI discussed in th s chapter for each objective and for each

item tested. Some Of the ac ual items from the assessment instrument are
included as illust4ative ex mples in order to clarify points made in the

discussion.' Space limitati s have made it imposM.blp to include every

item in the present, report. :companion volupe inthis series, Report

Number 3: Technical Report, contains summar3e,information about eve-R-item,

on each of the three tests. Copies of the Technical Report may be obtained

upon reqmest fiom the Learning Assessment Branch, Ministry of Education.

5:'1 Description of the Test

Th4'Grade 12 test consisted of seventy -two iterdir designed to assess
students' mastery of eleven objectives grouped into the three domains of

ComputatAn and Knowledge, Comprehension, and Applications. In addition

mVto the matics items, the tAf contained fifteen background informatidt v

items which od tkstuderits were asked curlt before'eore taking the test.
S.,

i

,--

119

Students responded to all'Itens on the test by shading in the appropri-
ate area on mark-sense cards which were specifically designed for this test.

All items on4the test.were of the multiple-choice va'riety. For eaCh_item,

,five foils were given. Ot these, four were Possible answers,to the item

and the fifth"was "I don't know".

One and ,one -half hours were allotted for the test: thifty minutes for

instructions, distribution and collection of the test booklets, and comple-
tion of the background information items; sixty minutes four completion of

thjest itself.

5.2 Description Of'the Population

The Grade 12 test was designed

in Grade 12, regardless of their ma
statistics released by the Ministry
as of February 28, 1977, was 32 532.
the total) wrote the test.

b be written by,all students enrolled
hematics backgrounds. According4o
of Education the enrolment in Grade 12,
Of this number, 23 136 (or 71.1% of

5.2.1 Non-Response and Frivolous Response Data

For 1975-76, the most recent year for which such figures-are
available, the absenteeism rate for senior secondary schools in the
province was -calculated to be approximately 10,%. In spite of the fact

that many observers believe this figure to be a conservative estimate
of the true rate of absenteeism, the fact remains that a sizable propor-

tion of Grade 12 students was not present for the test and that the

proportion of non-respon exceeds the normal absenteeism rgte.

The/National Assessment of Educational Progress (NAEP) pro a

- in the United States has encountered similar difficulties of non-

particlipation. In their_first analyses, they assumed that the non-

response group was similar in compopition to.the whole population and

that those individuals' failure to, participate would not affect the

overall item results in any way. Subsequent studies have shown that

fr
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the non-response group is not exactly similar in thiposition to the
re Prise group and that failure to takethe non-response grqup into
acrunt in interpreting the'assessment data could result in artifici-
ally high success rates being reportedRnitems'a?d objectives. NAEP
has stated that the extent of this inflation is almost certainly not ..

'great enough to affect decision-making. ,or examSle, a success rate .
of 67% achieved by those responding .to the test, might represent a,true
success rate 4.64% for the entire population, -s. 's .

.
.

as ,

The 'non-response problem was also studied for ItS impact upon the
B.C. Mathematics and Readitig Assessments.. As part oethe background
information questionnaire On both instruments, students were asked toe)
supply their date of birth, sex, 'n r of schools attended, and'school
code numBer. On this basis, 63% olhe completed mathematics testes at'
the Grade 12 level were uniquely matched with completed reading tests.
The remaining mathematics tests had either no counterpart or more than
one counterpart in reading or else there was

\
mare than one mathematics

-test which ihad the same answers to the four items upon which, the .

-matching was based.

The results Obtained on the mathematics test by those students who
had completed both the reading and the,mathematics,eests were compared'to,
results obtained by those who completed only the mathematics alest. This
examination showed that the latter group lowered the success."rate by an
average of less than, one percent on an item. If it,assulle that the group
wha did not write the mathematics test is similars\tO the group who wrote.'
only the' mathematics test, then this inforation tells us that the assess.,...
merit results have not been unduly affected by the failure of tfig non-
response group to complete the Mathematics Assessment instrument.

:.
Another matter which was a cause of somegoOncerft at this level was

that of students responding frivolously on the test. It was felt by .

some that since individual students were not to be identified and'since
individual student scores were not to be reported, some students would
.make a mockery of the test and either select answers at randot, guess,
or in some other way respond frivolously.to the items on the test. Two
measures were undertaken in an effort to gauge-611e extent of such be-'
haviour on the part of students,taking the test:'

V

Firstly, each completed mark-sense card was Hand checked for complete
nessand for obvious patterns of frivolous response, such as the constant
use Of a slipgle response category or the repetition ofa series of
responses: ABC ABC ABC 'Th4.ty-two such instances (0.4 of the

were found. Secondly, a computer Analysis was undertaken to
ntify those students who had, in all likelihood, responded by,guess-

ing by selecting answers at random. Since each item had five foils,
a oge students who had fewer than 20% of the ipems correct may have

.

to turn up. any evidence of widespread lick of due care and attention in
completing the test.

.
.,

i

1,

4
°:1., 1. 1 7

, ._
\ .

responded frivolottsfy. In all, 208 such cases were found.
, ,

I

In, summary, tehe best data available atthis.time lead to the conclu-
sion that, 'despite the'fact that a sizable proportion of the Grade 12
population failed to take the Mathematics Assessment test, the overall
results obtained are an,accurate representation af_theitotalpopulation.
Moreoirer,'analypis of Individual students' response patterns Has failed

1.
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5.2.2 'Distribution by Sex
I 4121

There were approximately 800 more 'saris than boys whelook the
Mathematics AAessment test. The percents rspresented 4,iTable 5-1
correspond fairly w0111 with die- data on sexteistribution collected
by the Ministry ot'Educatfom which shows the Grade 12 population to
be 49% male and'51%.female.

Table 5-1
Grade( 12:`° Sex of. Respondents

A

Sex Frequency 13

'gale
Female
No Response

---,.-a

Multiple Response
..

) 11 069
11 831
202

34

Percent

47.8 /

10.8
0.1

Further analysis of this variable was Onducted, taking,Int account the
highest level of mathematics complete or being completed, by the respon7
dent. The data.shown in Table 5-2 lustrate the fadt that femal s are
under-represented in senior ma e' -tics glasses. Although they co ti-

tute 5l% of the Grade 12,population whole, they account fo only
43% of the enrolment in Math 12, On he other hand, they form close ti
657 of the group which -takes no mathematics beyond Math 10,' the last'
compulsory mathematics course. Less than one third of the feinale
students have talgenAlth 12, 'while almost half the males have done so.

Table 5-2
Grade'12: Percent Distribution of Mathematics Background by Sex

a 9+

.

Last Mathematics Course Taken or Being Taken:
Math 12 Math 11 Math 10

Male
Female
No Response
Multiple Response

; 56.7
42.5

0.5

0.1

'

45.1
53.9'

0.7

0.1'

34.5

64.,2

0.9

0.2

Recommendation -1: The Ministry of Education should institute a program of
research designed to ascertain why such a high proportion of female st nts
do not continue to study mathematics beyond the last compulsorY cour

commendation 5-2: On the basis of the evidence obtained as a result of the
i Zementation of Recommendation 5-1, the Ministry of Education, in coopera-
ti with local school districts and teachers' groups, should initiyte pro,
fessl al development programs to sensitize teachers and counsellors.to this
tenden and with ways of dealing with it..
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5.2.37-Age of Respondents

Thesssess4nt instrument wet administered during the month of -

March 1977. As is shown in Table 5'-3, there was .a fairly broad range
of ages represented among tho,se.responding.-

P
0

Table'5-3 AL

Grade 12:' Age of Respondents

.Age
/

Frequency
.,.

Percent

21 or older 57
0

0.2'
20 277 1.1
19 1 055 4.5.
18 7 127 '30.8
17. m 13 993 60.4
16 , 419 1.8
15 36 . 0.1

14 or younger 22 0.0
No ResponSe, 150 D.6

Students were asked to provide the day, Month and year. of their birth
on the response card. Those at either extreme, but particularly those
reported as being les than fifteen years old, may have marked the
wrong year since it seems unusual that 22 fourteen year olds would be
completing Grade 12.

00.45.2.4 Number of,Schools Attended
4

'As with Grades 4 indt, the data on'number,of schools attended by
students in Grade 12 reflect a high degree of among the general
population% 4

Table 5-4
Grade 12:. Number of Schools Attended

Number Frequency Percent

1 335 1.4
12 2 602 11.2
3 6 304 27.2

4 4 52X 22.6
5 3 339 14.6
6 2 020 8.7
7 1 218 5.2

8 - 9 939 4.0
10 or more 917 3.9
No Response 101 4 0.4
Multiple Respons6 70. 0.3
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By the time students reach this level, they w pld normally have :
attended a minimum of two schoo;A: an elementary /school and a
secondary school. The results 6ummarized in Table 5-4 indicate that
only about012% of these students had attended two or fewer schools
since starting Grade 1. They also show that 15 of the students have
attended at least seven schools and that approximately 4% have attended
ten or more schools. Such students have changed schools almost every

....,

year. tr

5.2.5 Senpstered versus Non7Senestered Courses

a ..

Almost,60% of the students responded affirmatively to the question,
"Is the mathematics course you are now taking (or was the mathematics
course you have Most recently taken) a semestered course?" This is
almost the reyerse of thieisituation at Grade,,8 level, where 68%. reported
that their athetatics curse was non- semestered:

Table t-,5

Grade 12: Percint of Semesteied vs,Non-Semestere
ld

Courses

TOTAL Math 12 Math 11 Math 10

Semestered 59.1 61.7 60.9 (
Non-Semestered 39.0 37.1 P-3
No Response 1.4 0.6 s1.4 2.0
Multiple Response 0.3 0.4 . 0.3 0.3

As the data in Table 5-5 indicate, about 62% of the Math 12 stud-
ents are taking or have taken the course in one semester rather than
over the entire school year. On the other hand, only 48% of the, stud-
ents whose last mathematics course was Math 10 took a semestered course
at that level. 0

5.2.6 Highest Level of liathethatics Completed

Since the Mathematics Assessment test was written in the spring and
not at the end of the term, Grade 12 students were asked both what was
the last mathematics. course which they had su essfully'dompleted as
well as the name of the mathematics course whic they were taking at
'the time, if any. A fairly accurate picture o the mathematics back-'
ground with which these people are leaving th public schools may be
obtained by'combining the data obtained from the two quettions.

The data show" that just over Ao% of, the students. ake at least one
mathematics course beyond the Grade 10 level, which is the last year in
which the study of mathehatics is compulsory. Unfortunately, it is not
possible to tell from'this information what factor or factors may be
at workto influence ttudents to continue their studies of mathematics.
Among the possible factors are the admission requirements to university
but, as will be seen later (section 5.2.10), only slightly more than
30% bf the students have decided to continue their education at the
post-secondary level in academic programs.
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Ta'31e 5-6

Grade 12: HiOrstLeVel of Mathematics Attained -

Course , Percent

Math 10 ,

Math 11

Math 12

15.1
45.8 -

37.1

.

5.2.7 Part-Time Employment
,

r,-r4rlir

/ It .
'1' .

The data collected-regarding the question of part-time employment
show that over 50% of Grade 12 students are involved in suchTatt-Wities.
The majority of such students work at their part -time jobs bath during
the week and on weekends. Students whe-had no such employment did not
respond to this item. -,k.

.
. . e

'f 5-7 ''; Table
Grade 12: Part-Time Employment

No. of Hours/Week Frequency Percent

e 1-5 1 136 e' 4.9
5-10 3 518 15.2

p.720 5 232 22.6
More than 20 2 444 10.5
No Response 10 784 4, 46.6 i

Multiple Response 22 i 0.0

e

The rate of students' involvement in part-time employment appears
to be independent of their mathematics backgrounds. Of the students
enrolled in Math 12, 53.2% indicated they had part-time jobs. Foi

-

those whose last course was Math 11 o..49, the figures were 54.8% and
4''' .t

51.1% respectively.

5.2.8 Use of Hand-Held Calculators

Students were asked to respond to three questions concerning the
extent and nature of their use of hand-held calculators. The'aata ob-
tained from their responses are summarized in Table 5-8.

For each categorx of use, about one-half of the students indicated
that they had at someitime employed a calculator. However, when these
data were examined in the ight of mathematics background, some inter-
esting comparisons became apparent. In the Math 12 group, almost 75%
said they have used a,cal ulator in school, whereas only 29% of the
Math 10 group had done so. Similarly, almost 80% of the Math 12 group
had used a calculator for homework, butonly 34% of the Math 10 group
had done so.

12.1:
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Table 5-8

Grade-12: Use 'of Hand-Held Calculators(Ptrcents)

5.2.9 Parents' or Guardians'

Do You Use .,a Hand-Held Calculator: o
At Home? For Homework? in_ School?

Yes 50.6
No - 48.0
No Response 0.8

Multiple Response 0.4

1

125

55.7 51.2

42.7 , 47:4
1.1. '1.1

0.3. 0.1
R

The possible apfdicdtions and educational impact of the use of
hand-held calcuors in school are areas that require intensive re-

.

searcyand deve opTent initiatives. Teachers and curriculum develop
requireassistance in identifying areas of the curriculum suited to`
calculator applicatiOns and in developing appropriate curricular

materials.

Recommendation 5-3: Curriculum Development Branch should consider the

impact of the ude ofhand-held calculators in mathematics classrooms at
various levels: primary, intermediate, junior secondary, and senior

secondary. They should provide Aidance and directiaae-t-orteachers of
mathematics regarding the most appropriate uses of such calculators in

their teachilg.

is BackgrInds

Gracie 12 student were asked to report on the highest level of

'schooling attained by it eir parents of guardians. The information-
Concerning this item is symmarized in Table 5-9.

.

tab-1e 5 -9 ,e
Grade 12: Highest Level fif Education ht.

by Parents or ,Guax.dfans

4t,

Mother Or Guardian
Frequeitcy Percent

Father or Guardian
Frequency Percent

Elementary
Junior Secondary
Senior Secondary .

Trade School .

technical or Some University
Bachelor'-s Degree

Graduate Degree
I Don't Know
No Response
Multiple Response _....----/

1 86
4 558 .,

7 342

1.767
'2 256

906

654

3 436

330

.00,

8.1

19.7

,31.7
7.6

9.7
-1.9-

2.8

14.8
1.4

0.0

2 639

"4 3771

4,495
2 258
2 215
1-247
1 278
4 176

358

93

1

t

11.4

18.9.

19.4

9.7

9.5

5. 3

5.5

18.0

J 1.5
0:4

A

0

1
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5.2.10 Future Plans

The data regarding students' plans for the immediate future are
presented in Table 5-19 in percentage terms. Results are reported
for the population as a whole as well as for three subgroups deter-
mined by the studentS mathematics backgrounds. "Math 12" refers to
students who have taken or are taking Mathematics 12, 11" and
"Math 10" refer to'the corresponding groups Of Grade 12 students
for whom some form of Mathematics 11 or of Mathematics 10 was the
hihest level successfully completed.

Table 5-10
Grade 12: Students' Future Plans (Percents)

et,

1

-Total Math 12 Math 11 Math 10

Go to work 19.2 7.2 .2 3 . 8 34.2
Business school 1.9 0.8 2.5 2.9
Vocational, Art or Trade
Training 9.1 4.1 12.0 12.4

Technical Institute-
, 6.3 9.8 - 4.8 2.8

Community College:
Pre-University 10.1 14.5 9.0 3.8

Community College: _-

Career Programme 7.9 . 5.3 9.5 9.6
University 21.1 40.5 11.8 3.2
Other 9.1 5.2 10.4 13.7 -

Undecided 13.4 11.4 14.5 15.0

No Reponse 0.9 0.4 0.8 1.1
Multiple Response 0.4 0.3 0.4 0.8

Several trends are clearly discernible from the data. A,large
proportion of the Math 12 group, 55% to be exact, expect to enroll
either in pre-university programs at community colleges or in univer-
sity. On the other hand, only 7% of the Math 10 group had similar
plans. Only 7% of the Math(12 group plan to enter the labour market
upon completion of secondary school, whereas almost 35% of.the Math
10 group plan to do so. In all three subgroups, between ten and
fifteen percent have yet to decide upon their future plans.

5.3 Test Results: Knowledge and Computational Domain

The seventy-two mathematics content items were divided among eleven
objectives, with the objectives being grouped into three domains: In
this section the results for the Computatation and Knowledge domain are
reported for each-qbjective and for each item. The following information
is provided for each objective:.
1) the item numbers pertaining to that objective;
2) the percent of_students who'obtained the correct ..answer;
3) the judgment of the Interpretation Panel concerning the acceptability

of the result.

-123
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5.3.1 Computation wlth Fractions

The test contained four items involving computation with rational'
numbers expressed in fraction form, one item for each of the four basic
operations of addition, subtraction, multiplication, and,diviision. The

results are summarized in Table 5-11.

Table 5-11
Grade 12 Results (N = 23 136)

Objective: Computation with Fractions (mean 83.3%)

1?7

Item No. Operation Percent Correct Panel Judgment..

2 Addition 86

6 Subtraction AL 86

11 Division 74

29 Multiplication 87

Satisfactory
Very Satisfactory

.Satisfactory
Very Satisfactory

The Interpretation Panel found these results to be quite satisfac-
tory. They considered the items to be relatively easy and recommended
the inclusion of items involving mixed numbers on future assessment tests
at this level.

It is true that the items used were easy, although they did involve
most of the major concepts and skills required to perform the operations.

The exercises used were:
1

7
+ 1-

1
-1-

1 3

2 3, 5 3, 3 ,

and
4 7. Had the items

3
been more difficult, e.g., 4--

8
-

1.

'

it would not be as clear whether the
12

students' incorrect responses w
the students' inability to use
indicate Mat, as a group, Grade
basic operations'on fractions.

re due to the difficulty
he appropriate algbrithm.
12 students are able to

of the item or to
These results

perform the

The fact that students' performanc- in ,division of fractions is some
12%.lower than tAir performance on the other three operations, is not
surprising. The algolirithm frequently taught for this operation ("invert

and multiply") is difficult to make meaningful, the operation is rarely
used, and students get relatively little practice in using the operation..

.fig5.3.2 Computation with Decimals

The teaching of both decimal concepts and pomputation with decimals
has traditionally been delayed until the analagous topics with fractions
have been considered. All too often this has meant that there has not
been sufficient time available to do an adequate treatment of decimals
because the fraction work has consumed so much time. Sucfi a 'situation

is doubly unfortunate now, since with Canada having adopted the metric
system of measurement, there will be an increasing use of decimal nota-
tion and computation accompanied by a decreasing need for fractions.

4,124
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a.

There were five items dealing with computation with decimals on
the Grade 12 test. The' results obtained are summarized in Table 5-12.

sable 5-12
Grade 12 Results (N = 23 136)

Objective: Computation with Decimals (mean = 86.2%)

it
Item No. Operation Percent Correct Panel Judgment

1
, Subtraction ( 87 Satisfactory

5 Multiplication 78 Marginally Satisfactory-
15 Addition 84 Satisfactory
17 Sylitraction 86 Satisfactbry
28 Di/siori 66 Marginally Satisfactory

The Interpretation Panel felt that these results were weaker than
the results for computation with fractions.. In particular, they recomr
mended that increased attention be paid to multilpica...ti.oreand division
of decimals as well as to place value concepts.

The two items, 5 and 28, which resulted in marginally satisfactory
performances by the students, are shown in'Figure 5-1.

5. Multiply: .15 x .45. =
Percent

terCent

28. Divide: .12 ).1538

A) 6.75 11 A) 5

B) 0.0675 78 * B) 0.003 13.

C) 0.675 8 4.3 66

0) 67.5 1 D) 0.03 13

E) I crlon't know 1 E) I don't know 2
f

No Response
No Response 1

Figure 5-1: Grade 12 -,Items 5 and 28
the correct response is underlined

For each item above, the same non-zero digits are used in each
distractor so that the questions involve proper placing of the decimal
point in the answer more than they do ability to use the multiplication
or-the division algorithms. In light of this fact, the students' per-
formance on these two items would'certainly appear to be less than
satisfactory.

125'
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5.3.3` Knowledge of Notation and Terminology

Table 5 713

Grade 12 Results (N = 23 136)
Ojectivei' Knowledge of Notation and Terminology (mean = 75.7%),

Item No. Topic ,Percent Correct Panel Jud

3 Square Root 87 Very Satisfacto
7 Factor 86 , Strength
9 Powers of 10 75 Satisfactory

10. Scientific NotatiOn 67 §atisfactow
20 Centimetres 69 Marginally Satisfactory
30 Exponents 87 Very Satisfactory
34 G.C.F. 78 Very Satisfactory
39 Obtuse Angle 62 Marginally Satisfactory
40' Diameter Satisfactory
42 Solids Very Satisfactory
44 Reciprocal 90 Strength

Primes 65 SafWactory
51' Coordinates 72 Satisfactory
62 Roots . 60 Satisfactory

* -
r4n 'The Interpretation Panel felt that there was a general weakness

in the area of geometry, and that geometry should receive greater empha-
sis in the future. They felt that, particularly for4aca4emic students,
the geometry should be deductive and not merely intuitive. Items 7 and
44 were particularly well done.

For Item 9, students were asked to simplify 10,4 and'almost 20%
Chose 100 000 rather than 10 000 as their answer. On the otherwheud,
on Item 30 which -asked students to simply 4 performance was consider-
ably better. It would appear that students may have been taught a rule
for evaluating powers of'ten (10 is 1 Sollowed by n Ames), buf have

,

not remembered the rule correctlX. This same item appeared on the
Grade 8 test, where 12% chose 100 000 as the answer..

The results on Item 20, which is shown below, are surprisingly
low, given the level of difficulty of the question.

=

20 5 metres is the, same length as:

A) 50 centimetres

B) 500 centimetres.

.C) 50 millimetres.'

D) 500 millimetres;

E) I don't know

o
-

Response,

1 2 6
Figur 5-2: Grade 12 - Item 20

Percent
15

63

4

4

13

1

S
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Inability to obtain the correct answer.to"Itet 20 would seem
indicate an almost total lack of familiarity with the basic relation-
ships among the metric units of length; in this case, the students
seem unable to make use of the fact that one metre is the same length
as '100 centimetres. This low performance is particularly serious at
the Grade 12 level,since many of these students are in the final year
of formal education. In the metric world in which they will be adults;
familiarity with the metric units of length Will be an importdnt assest.

5.3:4 Knowledge of Other AlgorithAteJ*4:

In addition to the four basic operations on whole numbers, frac-
tions, and decimals, students are taught algorithms for performing a
wide_xailety of mathematical operations. Some of these operlitins are
reducing;tractions to lowest terms, simplifying improper fra ns,
chaniehi decimals to percents to fractions and vice versa, operations
witrintegats, and simplifying expressions containing exponents.

Seven items on the Grade 12 test were used to sample students'
abilities to employ such algorithms. The results obtained are shown
in Table 5-14.

Table 5-14
Grade 12 Results (N = 23 136)

Objective:. Knowledge of Other Algorithms (mean = 72.7%)

Item No. Topic *Percent Corrett Panel Judgment

'4 Integers, Pl. 81 Very Satisfactory,
8 Integers 66 Satisfactory

13. Percent 79 .Satisfactory
16 Exponents 59 Satisfactory
31 Decimal " 67 Marginally Satisfactory
35 Decimal 65 Marginally Satisfactory
46 Lowes.t terms 92 Strength

F

Items 13 and 35,\which are'shown below in Figures 5-3 and 5.-4, .

concern writing a fraction as a percent and a percent as a decimal-
As thesInterpretationrPanel commented, skills tested here are basic
knowledge of importance to everyone. The performance in this area
needs imprdvement.

11' Written as a percent,
Percent

4 5% °7

B) i2

C) 20% 79

D) 50%

E) I don't know r-
No response 1

Figure 5-3: Grade 12 - Item

1.

5 35. Winton as a decimal, s 20% =

A)

B)

C).

D)

0.2

Percent

65

0.02 10-

2.0 4

20.0 18

E) don't know

' 1 21
13* Figure.5-4: Grade 12 =Item 35

4.

9.
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Item 31; als rated as,,margifally satisfactory, required.stud-
ents to 'express 1/8 as a deciial. tlmost 20% of the students selected
0.8 ae their response, simply placing the denominator of the fraction

after the decimal.point. The,performance'on Items 8 and 16 were
rated satisfactory despite the'relatively low percent correct on each
because the content, of these items wet judged to' be less essential

allistudente. Item 8 asked students to find the difference of two
integers (-5) - (-9), while in Item 16 students were asked to apply
laws of exponents in order to simplify 35 x 32. It will come as no

-surprise to teachers of mathematics that 24% chose 97 as their res-

pohse to the latter item.

. )

5.4 Tedt Results: CoMptehension Domain
, 1

4 r

.drr objectives made up the Comprehension Domain. These objectives

dealt with the comprehension of number Concepts, of measurement concepts,
of geometric concepts, and of algebraic concepts. Comprehension, as a

cognitive behaviour, is higher than Computation'and Knowledet.
Comprehension, as it is used here, includes knowledge of'concePts, princi-
ples, rules,. and generalizations as well as the ability to transform problem
elements from one mode to another and the ability to read and interpret

problems.
:

5.4.1 Comprehension of Number Concepts -"

By the end of Grade 12, all students have been exposed to the field

of rational numbers. They have studied the various forms in which
rational numbers are written as well as methods of performing operations

on such numbers. The test-items utilized for this objective were de-

signed to assess students' grasp of a selected number of important con-
cepts, principles,.andgeneralizations concerning rational numbers. The

results obtained aresummarized in Table 5-15.
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Table 5-15
Crade 12 Fesults (N = 23 136)

Objective: Comprehension of Number Concepts (mean =.67.7%)

Item No. Content Percent ClOrece Panel Judgment

12 Division with 0 62 Satisfactory

14 Order J

18 Fraction

Sshss: Very Satisfactory
1 Weakness

..

32 Square Root , 73 Satisfactory

'47 Order. 59 Marginally_ Satisfactory

50 Rounding 75 Satisfactory

12g
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5.4.2 Comprehension of Measurement Concepts
r-

The Grade 12 assessment instrument included fivedtems dealing
with comprehension GS measurement concepts. Of'these,one item; Item
43, deal with measurement of angles .and the remainder, dealt w401 the
metric system of measurement. The data concerning this objective are
.presented 'in Table -5=16.

Table 5-16
,4 Grade 12 Results (N = 23 136)

Objective: Vnderstanding of Measurement Concepts (mean = 78.8%)

Item No. Content Percent Correct Panel Judgment'

19 Temperature 87 Very Satisfactory
21 Capacity 90 --..... Very Satisfactory
22 : Mass 54 Weakness
23 Length 8' Very Satisfactory
43 Angle Measure _ 81 Satisfactory

On all five'rtams, the students were asked to select the most
reasonable measure from among four possibilities for a given situa-
tion. The Interpretation Panel expressed the opinion that the result
obtained were satisfactory or better except for the performance on It m
22. They felt that this low performance was understandable for
12 students at this time.

If one includes Item 0 which was hscUssed earlier along.with
'Items 19, 21, 22, and 23, then a general indication of students' fami
-iarity with the metric system can be obtained. The average for all

40 , five items is 7i.3% with one resulfratem.22) being rated as a we'k ess.
Item 20 was marginally Satisfactory, and the remaining three items were
ery satisfactory.

, .

Overall tie students seemed to be familiar with some of the b ic

metric concept although the relationship between metres and centime
as' well as thd use of thelilogramas the unit of mass are somewhaarea
It is important that steps be taken to ensure that all students become
famil*ar with the metric systeb of measurement before they leave scho 1.

Recommendation 5-4: J Schools and school districts Should implement, programs
to familiarize aZZ V their istudentfOUt especiaiiy those at'the senior
secondary ZeveZ,,pith the basic concepts and-principles of the metric system
of measurement. '

5.4.3 Comprehension of Geometric Concepts

Table 5-17 contains a summary of the information concerning the
four items used to assess students' understanding of geometric concepts.
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Table 5-17
Grade 12 Results (N = 23 136)

Objective: Comprehension of Geobetric COncepts.(mean= 57%)

133

,Item No. Content Percent Correct Panel Judgment

38 Equilateral Triangles '75 Very Satisfactory
41 Congruence

.
17

. ..
--

52 Area --, 55 Marginally Satisfactory
54 Volume 81 Very Satisfactory

°

The Interpretation Panel felt! that the overall performance on
these items was satisfactory or better. They attributed the students'
poor perforiance on Item, 41 to the nature of the item itself, and
felt that the result did not truly reflect-students' understanding of
congruent triangles. For that reason, no Panel Judgment has been
listed for item 41.

The results of Item 52 deserve \some'attention. On this item, as
is shown in Figure 5-5, over one-q9xter of the students determined
the area of the triangles by simp17-finding,the product of the base
and the altitude. Another ten percent said they did not know how to
fit the area.

52. Find the area of this right triangle: A) 42

4

14

Percent

55

B) 20 5

C) 84 26

D) 21- 3

-

E) I don't know 10

No Response 1%

Figure 5 -5: Grade 12 - Item 52

The formula for finding the area Of a triangle is one of the most
basic area formulas, and is one which is taught to all students at
several grade levels. The fact that almost half the Grade 12 students
could not do thfs item correcfly must be interpreted as a less than
satisfactory performance and, perhaps, as a weakhess.

The Panel's comments to the effect that Item 41 is a poor item 'and

does not relate to the objective should be accepted with a degree of -)

caution. The item, shown in-Figure 5-6, requires students to select
two triangles that ARE congruent, not triangles that appear to

A
be con-

guent.f
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41. Which two triangles are congruent?
Percent)

A) I and ISE 17

B) II and III 3.

C) trI and III 65

D) IIiand 4

E) I don't k9ow 10

,

A

AA.

I K

Figure 5-6: Grade 12 Item 41

Sixty-five percent of the students chose the triangles which are
equiangular and therefore similar, I and III, but not necessarily con-
gruent. Such students may have looked for triangles which appeared to

,Se congruent rather than using their knowledge f/congruence conditions
to answer -the question.. On the other.hand, if students did reason in
that way, then why did they not choose I and IV,'which was the first
distractor and where the 'riangles certainly appear to be'congruent since
indeed they are? Although it Pk impossiblp to be certain,' a reasonable'
explanation of the students' selection of distractor C is that they er-.
roneously concluded that if two triangles are equiangular, then they are
congruent. In this light, the performance on Item 41 may be seen to
indicate a weakness.

5.4.4 ComprehensioNmf Algebraic Concepts

Few of what/ most people would consider as algebraic concepts are
among the essential' skills and concepts of mathematics that one needs
to lead a full and happy. life. However; all of tie items listed in
Table 5-18 measure mastery of fundamental principles, rules, and the
'ability to apply formulas to which akl\students'are exposed before the
end of Grade 10. Thus,through it-may be true that all of there concepts
are not essential in everyday life; it is true that some of them are
essential' in'mathematiCs.

Table 5-18
Grade 12 Results (N = 23 136)

Objective: Comprehension of Algebraic Concepts (mean = 63.9%)

Item No. Contept Percent Correct PoelJudgment

48 (' Order of,Operations 67 Satisfactory
55 Slope 43 Marginally p.tisfaitory
56 Evaluate Expressions 83 Very.Satisflactory
524, 'Linear Equation 82 Very Satisfactory
61 Factoring 61 Satisfactory
63 Simultaneous Equations 63 Very Satisfactory
64 Simplify Expressions -44 f" Marginally' Satisfactory
67 Write an equation 70 Very Satisfactory
68 Apply Formula 62 Marginally-Satisfactory
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.

In the opinion of the6Inte retation Panel, the results for this,.

objective were very satisfactory The areas which were judged weakest,

finding the slope of a line and r moving parentheses to simplify,a
lineax,expression, they felt to be only marginally useful to non-

academic students. They suggested hat the low result on Item 68 (Fig-
.

ure 5-7) might indicate a need to deal more adequately with the topic
of interest, and perhaps especially for academic students.

t

c

The formula to calculate Simple interest is I = Prt where 1 is the
interest, P is the principal, r is the rate, and t is the time in years.

68: Find the Interest on a principal of
$1000 invested for two years at an
annual rate of 7%.

a

A) $ 140

Percent'

62

B) $1400

C) $ 70

D) $ 14

E) I don'rknow
No Response

Figure 5-7: Grade 12 Item 68

For Item 68, students were given the simple interest formula and

asked to calculate an amount of interest due. The behaviours involved

are not unlike those involved in finding the area ofla triangle, (Item

52) except that in this case the formula is pro ided.

Almost 40%, of the students weref-unable, o do this exercise Ind 17%'

gave the completely unreasonable response 9.Tf'$1400 as,being the ijiterest

due on a principle of $1000 after tuld`years,,at a rate.of 7%. The ;.fact

that so many students cannot calculate,simp/e interest, given the for- '
mula, should be a cause of some concern to mathematics educkors. In

point of fact, an examinati4v of ail of ehe items on the test which deal
with percent and applicatieits of percept leaves one with the Impression
that this is a general area of less than satisfdctory perfoi-tance.

N
4

Recommendation 5-5: Curriculum Development Branch should exariine the

situation 6ith regard to the teaching of percent and its applfations,
and give specific suggestibns to teachers regarding appropriate mater-
ials and methods to be used in teaching these topics. ,

A

5.5 Test Results: Applications Domain

Included under the Applications domain are the abilities-to solverou:

tine problems, analyze, data, and recognize patterns. Eighteen'items, grouped

under three objectives, were used to assess student learnings inthit domain.

. 132
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5.5.1 Solve Problems Involving Operations with Whole Numbers,

Fractions, Decimals, and Percent

Ina sense, almost all problems In mathematit involve operations
with whole 'numbers, fractions; decimals, and percents; however, the
intention is to include here those problems which involve such opera-
tions,and nothing more. In that sense, Such arithmetic problems are
distinct from geometric or algebraic problems.

The test included nine arithmetic problems, and the results obtained
by the students on theAe itemsare presented in Table 5-19.

TablA. 5-19

Grade 12 Results (N = 23 136)
Objective: Solves Arithmetic Problems (mean = 74.87)

t

Item No. Topic Percent Correct Panel Judgment

24 Unit Pricing 65 Marginally Satisfactory
25 Credit Buying 70 Satisfactory
26 Average 89 Very Satisfactory

Discount 86 Very Satisfactory
.58 Percent 87 Satisfactory
59 Percent 79 Satisfactory
60 Percent 66 Marginally Satisfactory
71 Commission . 62 Marginally Satisfactory
72 Tax Table 69 Marginally Satisfactory

The Interpretation Panel felt. that there was room for improvement
of students' performance on these pes of problems. Tkey- wondered if

sufficient time is being spent on the teaching of probleb-solving and
suggested that the performance would improve if students studied more
business,and consumer mathematics topics. Finally, they hypothesized
that students' performance might reflect-inadequate training in per-
sistence, care, and attention to detail.

The Panel' last comment is an important Rile. There is no
\
doubt

,

that'persistence, care, and attention to detarl,are necessary but not
sufficient conditions to good probleirsolving. Teachers have similarly

decried students' seeming carelessness and inattention to detail
generatioAs. It may be, however, that students will-improve their
skills in this area if teachers succeed in bringing a little of the .

real world into the mathematics classroom, thereby enlivening their
discussions of topics which might otherwise be seen by the students as
irrelevant and hence undeserving of persistence, care and attention.to
detkil. :

r.-
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As thyPanel has suggested, students' performance 10( improve 137

if more dhsumer and business mathematics topics were to ght, especit#1-
ly at the senior secondary level where they are most likely to be mean-

ingful to the students.
are

Assessment test, the few items ranked

as marginally satisfactory re All consumer items,,as are two rated very

satisfactory and one rated satisfactory.

Special note should be made of Item 72 in which students were shown

a page from the Canada ancoue Tax Guide and asked to 'find the total

amount-of tax due on a specified Taxable Income. Just over 30% of the

respondents obtained the incorrect answer thereby giving some evidence
of their inability to read a table correctly, a table which many of them
must have already used and which all of them will use sooner or later.

Recommendation 5-6.:./ Teachers wand teacher educators should stress the over-
riding importance of problem-sblving in Mtthematics and they shbuld attempt

to teach their students various strategies employ in, attempting to solve

problems in mathematics. \ At

Recommendation 5-7: Individual teachers and mathematics departments should
set up their own collections of problems and activities out of which problems

grow, keeping in mind the interests of their students, and making use of

lodai information in order that, the problems be more interesting to

students.

Recommendation 5-8: The Curriculum Development Branch s ouZd give immediate.

and serious consideration to ways and means of ensuring at aZZ students

completing Grade Z2 have been taught the major topics of consumer mathematics';

5.5.2 Solve Problems Involving Geometry and Measurement

Seven items were utilized to assess students' abilities to solve

geometric and measurement problems. The item results are displayed in Table

5-20.

Table 5-20
Gracie 12 Results (N = 23 136)

Objective: Solve Problems Involving Geometry and Measurement (mean 5 55%)

-7

Item No. Topic Percent Correct Panel Judgment

33 Area , 35 .
Weakness

36 Scale Drawing 81 Very Satisfactory

37 Area 54 Weakness

49 ,Surface Area 37 Weakness

53 Area of Circle 72 Very Satisfactory

65 ' Similarity 63 Satisfactory

66 Theorem of Pythagor_a_s/ 43 Weakness'

134



138
The results of this objective are poorer than for any of the others.

The Panel rated four of the item results as indicating weakness. In the
Panel's opinion, students may(have done poorly on Item 49 because they
either did not understand the term "surface area" or else failed tq
carefully enough. The results show that 33% of the respondents fo
the volume rather than the surface area for Item 49. The'Panel als
reiterated its previous point to the effect that the students' Poor
performance may reflect inadequate training in persistence, care, an'd
attention to detail.

1\.

Student performance was-very satisfactory on an item involving
scale drawing, Item 36, and on Item 53 which dealt with the relative
areas of two related circles. Actually the perfollmance on Item\53 was
surprisingly good when it is_compared to that on Items 33, 37: 4?, and
66.

37. What Is the area of the shaded portion
of this figure?

1111111111111111

15

10

Percent °

A) 54 * 54

B) 96 16

Cr) 120 6

D) 60 8

E) 1 don't know 15

No Response

Figure 5-8: Grade 12-- Item 37

1 This is a relatively straightforward problem requiring two appli-
cations of the formula fbr,the area of airectangle and then finding ,

the difference between these areas; yet, almost half the students were
unable to solve it. Fifteen percent responded "I don't know" and an
almost equal number simply found the area of the inner rectangle.

The general impressibn left by these results,is that students are
leaving school with an inadequate grasp of geometry. In recent years,
the emphasis on geometry in the secondary school curriculum has wetly
lessened. Perhaps we are now seeing, for the first dine, the results
of this de-emphasis.

Recommendation 5-9: Curriculum Development Brandh shoulreconkeer the
nature and scope of the geometry curridulum 'at the secondary school level,
keeping mind the results obtained by the-Students on the geometry items
on

5.5.3 Solves Algebraic Rroblems-

Only to items relevant to this objective were placed on the Grade
12 test. As a result, the Interpretation Panel found it impossible to _

make an overall comment on the objective. The individual item judgments
are shown in Table 5-21. rt

.1
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Table 5-21
Grade 12 Results (N = 23 136)

Objective: Solving Algebraic Problems (mean = 5/.5%)

o

Item No. Topic
a Percent Correct Panel Judgment

69

70
Use Formulas
Interpret Graphs

48
67

Weakness
Satisfactory

1-
On Item 70, ,679 of the.s4udents.were able to readva graph of

speed versus braking distance correctly., Although the Panel ratedA4'
this performace as satisfactory, a much Higher result would have bewil
prefe ed, particularly in light of the sever more aiitensive use of
graphs s a means of summarizing and presenting d ta. V

Item 69 was a companion to Item,68 (see.T e 5-7). VON,-this
it , studentstere given the interestrate, ands time invo ved and
as ed to find the principal amount. In.orda-r- do this, hey had ,

to perform an algebraic manipulation on the form la in order for it
to read P = i /rt. As the,retrUlts'show, slightly less than half theb
students were able to obtain,she correct answer. Sixteeterent re-
sponded "I don't know" and 17% Said $74 was 'the answer". This latter .

result is obt- ed-by simply multiplying three-numbers that are
given in the pro lem without regard to their application in the formula.

139

The Interpretation Panel
that students' performance on
ing in persistence care, and

.again repeated its coltatterit_t_sl. the /effect

these items may reflect inadequte train-
attention to detail.

5.6 Grade 12 Reporting Categories
.

1 i
' '

\N\ %
Mathematics achievement 1s the end result of the coalescing of a great

number of student -based factorS, both intrinsic andsextrinsiC. Attributes
inherent in the student, programmatic and curricular variables,, as well as
the effect of en/Tronmental variables such as teacher differences, all con-1 Nit

tribute in varying and largely unknown degree to.a given ltudent's overall,
performance. Of the fairly large number of such variables which'the conven-
tibnal wisdom, current educ tionalpr.4otice, and the endeavors of educatibtal
researchers have 'identif ed as being related to mathematics*achievement, a
llmfted number were sel cted for scrutiny in the Mathematics Asses Bement (see
Chap-fer 1, Sectiott 1:4) . .\

,_
\

1 A great deal more information conceening the relationship between cer-
tain personal background variables and achievement on the Mathematics . 4 '
Assessment test-was collected than could pOssibly be reported in this volume.

. ,

A more complete rendering may be found'in the-Technical Report dealing with
test results which is obtainable from the L4arning Assessment. Branch-. Re-
seatchers or others who wish to have access 'to'the original data in order to
tseek answers to their own questions on issue relevant to the Mathematics
Assessment.should also direct their requests o the Learning AssesdMent Branch.
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140 ' =In the sections that follow, all of the results reported nd recommen-
dations made.afe based upon correlational trends. No attempt is made to
imply that cause and effect relationships exist since the Mat emetics Assess-
men as not designed to identify such relationships.

It remains for studies designed as follow-ups to the present one to
Seek to identify such relationships,. Thus, while the assessment results
show several fairly strong relatidnships between a student's sex and that
student's achievement in mathematics, this does not imply that achieve-
ment in mathematics is determined by a student's sex. All that can be
said on the basis of the assessment data is that there appears to be a
relationship between the two variables.

For each of the reporting categories discussed in succeeding sections,
reference is made to the various domains, objectives, and items evaluated in
the Mathematics Assessment. For ease. of reference, a labelling system for
domains and objectives has been adopted and will be used throughout the
remainder of this chapter. Each objective has been assigned a code number
consisting of two digits separated by a period.

, For example, Ojbective 2.2
refers to Domain 2 (Comprehension), Objective 2 (Understanding of Measure-
ment Concepts). \,In Table 5-22, the rightmost column indicates the section
of Chapter 5 where the Grade 12 population results for the appropriate ob-
jective were initialltdi*SSed.

Grade 12: Coa. Numbers used for Objectives

ngt,'

Code No. Objective

1.1

1.2

1.3

1.4

2.1

2.2

2.3

2.4

3.1

3.2

3.3

Computatidn with Fractions
Computation with Decimals
Notation and Ferminology
Other Algorithms',.
NuAber Concepts

Measurement Concepts.
Geometric Concepts
Algebraic-Concepts
Arithmetic .Problems

Geometric and Measurement Problems
Algebraic Problems

Location.of
Population Results

Section 5.3.1
it 5.3.2

5.3.
5.3.4
5.4.1
5.4.2

" 5.4.3
5.4.4

" - 5.5.1

5.5.2

5.5.3

5o6.1 Mathematics Background ,

The student population at any grade level is heterogeneous with
respect to mathematics achievement, but.at the senior secondary levels
it is at its most diverse due to the additional factor of variability

.

of student background in mathematics. Students at every level vary
greatly with respect to their aptitude, interest, and ability in mathe-
matics; but, at the senior secondary level they elk). vary in the amount
of mathematics to which they have been exposed.' Some have takien no

' mathematics courses since the end of the last compulsory course in.
Grade 10; at the opposite extreme others are enrolled in honours sec-
tions of Math 12.
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It is entirely predictable that students with mop b.ackground in
mathematics will perform better on a mathematics test that will'students
who have less. In that sense the results reported here are not that
extraordinary. On the other hand, it should be remembered that the
basic goal of the Mathematics Assessment was to obtain a measure of all
students' v.stery of certain essential skills and concepts of mathematics.
From this point of view it is important to see hol4 each subgroup of the
population performed as well as to examine the achievement of the popu-,
lation as a whole.

A comparison of students' performance on the Mathematics Assess-
ment test as a function of their mathematics backgrounds is displayed
graphically in Figup 5-9. Students taking or having completed Mathe-
matics 12 are desigliated as Math 12; students taking or having completed
some form of Mathematics 11 as their last mathematics course, as Mai 11;
and students completing Matheiatics 10 as their highest mathematicyall

414,

course, as Math 10.
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Figure 5-9: Grade 12 Results by Mathematics Background
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142
The Math 10 group's performance is lowest olveach objectf.ve,and,

in some cases, it is markedly so. As will be seq44 Chapter 6,
this group scored lower than the Grade 8.group the items
which' were common to the two instruments. 14itive side,
the three objectives there the Meth ).0 group's grfOrmance was
closest to, that of the Math 12 group,were solution of arithmetic
problems, comprehension of measurement concepts, and. computation with
decimals; all three being areas of practical importance and applic-

,
ation.

That something must be done to improve the mathematical .comp-
etencies of the Math 10 group seems abundantly clear from the re-
sults, especially when one examines the individual item results
Obtained by this group. Of the 3 506 students in the Math 10
group:

1) 49% were alb to interpret an income tax table (Item 72)

2) 49% were glbre to select the best purchase (Item 24)

3) 45% were able to read information from a graph (Item 70)

4) 44% obtained the correct quotient for .1277g (I,rem 28).

5) 42% correctly wrote 1/8 as a decimal (Item 31)

6) 42% correctly, calculated an amount of simple interest given
theiOrmula (Item 684'

7) 39/1 correctly wrote 20% as a decimal (Item 35)

8) 26% were able to calculate the principal, given the amount of
interest, the rate, the time, and the formula i = ?rt
(Item-69), and

. 9) 24% were able to find the area of a right triangle t Item 52).

Both the Math 12 and the Math 11 groups performed satisfactorily
on the whole. As was tobe.expected, the averages decrease from one
domain to the next. The.highest'performance was achieved in ComP-

-utation and K,owledge; the lowest, in Applications.

. The graph displayed in Figure 5-10 presents a comparison-of

IV
_student performance on ach objective for each of four age groupings:
19 and over (N = 1 389), 8 year olds (N = 7 127), 17 year olds
(N = 13 993), and 16 or younger (N = 477).; On each objective the
performance decreases with an increase in age.

Similar differences are found in most cases when mathematics
background is taken into account along with age. Among both the
Math 12 and Math 11 groups, the younger students do better than
their older counterparts. In, the Math 10 group (N = 3 506), on the c.

other hand, the handful of students whe sixteen or less-(N = 46)
do less Well than the seventeen year olds on virtually every objec-
tive.
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Figure 5-10: Grade 12 Results by Age

5.6.3 Sex Differences

As has been reported in other studies such as the National
Longitudinal Study of Mathematics Ability (NLSMA) and the National
Assessment of EdUcational Progress (NAEP), the data displayed in
Figure 5-11 show a definite trend to superior achievement by males
in the Mathematics Assessment. Both NLSMA and NAEP reported that
girls outperformed boys only in those areas of mathematics such as
computational skills which involve lower level cognitive behaviours.
Similar results were fouhd in this assessment.

1 40

1



(
144

AM

sox

ox

lox

GROUP MERN
(PERCENT)

50.0

40.0

10.0

,
.0 li t

1

*I. % AIME 1111+ 12" \ A \..... , / ,,... MINX. WM 32... % / / .......,,
%."'"k.. 1 A

\ ... A
\ \

41.

IA
t, I "'tat - ?MN 31

i.nt.V7Ve,"

. TEMPLE - rwrIrt ID

,

1 1
11.2 1 1 1

3.1 1.2 11.4 71.1 21.2 21.3 21.4 3.1 3.2 313

OBJECTIVES

Figure 5-11: Grade 12 ResUlts'by Sex

\Analysis of these data by mathematics background leads to thesame result. The differences between achievemeht of males and fe-
males are relatively small among the Math 12 group but they are,
with-one exception, in the same direction as for the total group.
The differences are zreater among th'e Math 11 group, and even
more pronounced among the Math 10 group.

5.6.4 Number 8f Schools Attended

There was a remarkable consistency of results when they were
examined in the light of the number of schools attended by.stu-dents. For example, there' was a totoml variation of only 0.8%
on objective 1.1 among students who had attended between one and
seven schools. On the other hand, those 1 856 students whhad
attended eight or more schools averaged three percent less on et,he
same objective.
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The same pattern appied to each objective. Having attended
arge nuMber of schools,Aight or more was consistently related
lower perforinance; otherwise the number of schools attended

/' , seemed to be,,:unrelated to mathematics achievement at the Grada 12
,

level.'
.

,

1
.

5.6.5, Use of Hand-Held lculators

Three graphs char ing the assessment results by aspects of
calculator use are dis layed in Figures 5-12 through 5-14. For
each objective and for each type of calculator use, the group of
students who use hand-held calculators,out-perform the non-cal-
culator group. This is true even for such non-computational objeT

(-N\ ctives as Knowledge. of Notation and Terminology (1.3), Comprehension
of Measurement Qoncppts /2.2) and Comprehension of Geometric CopEepts
(2.3).
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It seems logical to conclude that these differences are caused
by some confounding of the mathematics background variable with
the calculator group. However, similar results are obtained when
the calculator questions are analyzed for the Math 12, 11 and 10
groups separately. The differencg between the calculator and non-
calculator groups are more pronounce& amodi the Math 10 group than
among the.Math 11 or the Math 12 groups, but they are in the same
direction for all three groups on virtually every., objective.

--...._

5.6.6 Time Spent on'Assignments
\

The question concerning the amount of-out-of-clasi timeatu-
dents spent on mathematics assignments was directed only to those
students who were taking a mathematics course at the time of the
Mathematics Assessment. Of the 23 136 students Oho. wrote the test,

4h
11 522 or 49.8% indicated that they were not taking a m thematics
course. A breakdown ofthe data on time spent on assign nt is
shown in Table 5-23.

Table 5-23
Grade 12 Results: 'ime Spent on Assignments' per Day (Percent)

Time Spent All Students Math 12 Math 11 Math 10 I

None 14.4 6.8 21.5 40.3
Less than 30 Minutes 36.6 41.5 32.6. 19.0
More than 30 Minutes 37.4 47.6 ,25.1 12.0
No Response 9: 2.6 18.6N 26.5
MultipleRASponse 1.8 1.5 , 2.2 2.1

The "all'students" colum in Table 5-23is not a linear comhin-:
ation of the other three columns. The algorithm used place
students in the Math 10, 11, and 12 groups was based upon students'
responses to two items, one dealing with courses presently being
taken and the other with the last course successfully completed.
Because of this, some students,dtailld not be uniquely classified into
one of the three mathematics background categories.

The results of comparing amount of time spent on homework
with achievement on the eleven assessment objectivys.atg summarized
in Table 5-24. As in thefOse of the calculator. data, the diff-
erences on any one objective are not usually, very great. It is

, the consistency of the trends which are evident in the Math 12.and
Math 11 groups which are of-most interest,
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Table 5-24
Grade 12 Results by Time Spent on Homework ,

Number of Objectives on Which Homework Groups Attained Highest Score

Time,Spent on Homework:'
. ,.

None Less than 30 Min/Day More than 30 Min/bay

All StUdents* 0 7 5 _

Math 12 0 11 0

Math 11 0 10 1

Math 10* 0 7 5
O

-* includes 1 tie

As is shown in the table, the no-homework group never attained
the highest group score on an objective. In point of fact, this

group was always last and usually by a considerable margin. Among

the Math 11 and 12 groups, there is a definite trend for/ the group
that spends less than thirty minutes a day on mathematics assign.:
ments to achieve better results than either-of the other two groups.

5.6.7 Parental Education Level

NAEP found that parental education level was strongly, related

to,student performance. Students whose parents had do secondary %.

school education scored between eight and thirteen percent below
the national average, while those students who had at least one

,parent who had had some post-secondary education were six to seven
percent above the national mean. These results were particularly
apparent among the seventeen year olds exa ned by NAEP, the group
closest in age to the B.C. Grade 12 popula ion.

Thqtresults displayed in Figures 5 -15 and 5;-.16 parallel the NAEP

findings regarding the re.lationship,hetWeen stugnt achievement.
and parental educatiin leve1,4,althoUgh-the mean differences are
considerably smaller than those found by

The results
achievement and
ents considered
both cases,. the
whose father or

show a'p sitive relatiodadphetween student

the.highes education-level achieved by both par-

individually. It is pteresting;to note that, in
lowest performance waS-iecorAd by those students'

mother had completed juniat4dOndary school. ,

*/.."
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5.6.8 Future Plans

In Figure 5-17, the results of the assessment.are reported in
terms of students' future plans. For each Domain, the group plann-
ing to attend university exceeded the provincial mean for that Do-,
main by the g/eatest amount: about 11% for Domain 1, 13% for Do-
main '2, and 15% for Domain 1. The poorest, performance on each Do-
mAin was recorded by those students who indicated they would seek
full-time employment upon completion of secondary school.

. 36 ,

r-
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}igure-5 -17: Mean Differences from Provincial Performance
Levels by Future Plans
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5.,7 Reporting Categories from the Reading Assesslhent°

n
-

.
L.-

t>
,.,

In addition to the mathewarics'tesk an assessment .test in,Readingr
was given at the Grade 12 level. These lestscontained similar, and in
some cases, identical background information questions. On both the
Mathematics and Reading tests, studentswere asked their birthdare,"sex, 6

and number of schools-attended. Using common information, a computer ... -
-,

search was able to match the complete reading, nd mathemit.cs data for
,

sixty -three percent of the Grade 12 students:
,
A data:files created

...--

to cont in the information and.result On both tests for the matched .
..

stude so that coMpari-song between their performance on thkrtwd'teste
---

could made:

// The new data file was used to obtain further information on stu-
,.

dent performance and to correlate certain aspects of student perfor-
mance in mathematics wii student_performance,in reading. In Seiption

...4
5.6 of this report, the ta of the Mathematics Assessment were organ-
ized according to certain reporting categories such as age, sex, and
use of handAeldcatculators. In'- .is section, the Mathematics Asse
ment data are-Urganized by two reporting categories obt4ned from the
Reading Assessient.

t

Domain Two of the Reading Assessment...was Comprehension ath it was
A in the Mathematics Assessment. Correlations were computed bn the

Grade 12 Mhthematics Assessment results for the/four.objectives,of the
Comprehension Domain and the three objectives of the Applic i

Domain witlit the Reading Assessment results' for the two objec ives'of
their. Comprehension Domain.

t,

5.7.1 Reading. eporting Categories

AW?
The two reporting categories from the Grade 12 Reading Ass -

essment which are presented in this section concern language sp$5ken
and television watching. Thia three items shown in Figure 5-19

4
appeared on the Grad6 12 Beading test.

1. Were you born in Canada?
A

Yes *el.,*
e

.No r3
2./ Did yoU usually speak a language other than English before

Yes
No

you started in Grade 1

3. Is English the language spoken in })bur home?

Q\,\, Yes
No

- Figure 5-18: Place of Birth and Language Items from the
Grade 12 ASsessment
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a.

The results for the three items were used to oyganizepie grade /year
12 students into five groups. The groups were defined as follows:

1. Non-Canadian, Non-English -- All grade /year 12 students
who responded "No" to item.1, "yes" to item 2, and "No"
to4Cem.3 in Figure 5-18.

2. Canal-an, Non-Engli.sh -- All grade/year 12 students who
responded "Yes" to item 1, "Yes"'to item 2, and Vo"
to item 3.in Figure 5-18.

3. First Generation Canadian -- All grade/year 12 students
who responded "Yes" to item 1, "No" to item 2, and "No"
to'dter 3 in Figure 5-18.

4. NOn-Canadian, English -- All grade/year 12 students who
responded "No" to item 1, lo" to item 2, add "Yes" to
item 3'in Figure 5-18.

5. Canadian, English -- All grade / year 12 students who res-
ponded "Yes" to item 1, "No" to item 2, and "Yee to
item 3 in Figure 5-18/

Once the data were organized into the five groups; the results
on each of the eleven objectivesfor the Grade/year 12 Mathematics
Assessment were computed. These are presented in Figure 5-19.
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Figure 5-19: Grade 12 Results by Language Group
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The Non-Canadian, Non-English-group obtained the highest score

on all three domains, The First Generation*Canadians,group scored
lowest on all three. As with Grade 8,. these results indlcate tht
students who come from a non-English-speaking background have an
advantage, insofar as mathematics achievement is concerned. "at

The item shown in Figure 5-20 also appeared on the Grade 12
Reading Assessment test.

About how many hours of television do you watch on an

average day during the week?
I

Usually none
Less than 1 hour
About 1 hour .47i

0
L=7

E7
About 2 hours 0
About 3 hours .. 0
About 4 hours 0
5 hours or more 0

#

Figure 5-20: Televisor Watching Item from the Grade '2

Reading Assessment

The television-watching results were,organized into seven
Ngroups based on the s ven choices shown in the item in Figure

57=20. The results are resented in Figure 5-21.
i

The data presented in Figure 5 21 show a very distinct pattern
with respect to amount of televisio ,watched. ThoSe grade 12 stu-
den,ts who watched some television b t averaged less than one hour
per weekday obtained the highest sc e on all three domains. The
perfdrmace pattern is very consiste t among the a 12 students .

who watched some television: the mdre television 'watch the

lower the performance level,

The Grade 12.performance with 'respect to amount of television
watched is identical to the Grade 8 one among students who watched
some television. The group of Grade 12 students who responded that
they, usually watched no television on a weekday performed at a
level between the About 1 Hour and About 2 Hours groups,,while the
analogous group of Grade 8 students had a performance level between
the About. 3 Hours and About 4 Hours groups.
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Figure 5-21: Grade 12 Results by Television Watching

\

The very consistent performac pattern with respect 'to amount

of television watched exhibited in both the Grade 8 and 12 results
is very different from the performance pattern exhibited in the
results for the Grade /'ear four students as presented in Section
3.6 of this report.

5.7.3 Corte,1<ion of Reading Results with Mathematics Results

Domain Two.of the Reading Assessment was entitled Comprehension'
as was Domain Two of the Mathematics Assessment. Both tests were
attempting to assess tomprehension.of' their respective content areas.
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To see if there was a relationShip between scores in reading and
scores in mathematics, correlations were computed between the .four

objecttyes of,Domain Two of the Mathematics.Assessment and the two
objectives ofDomain Two of the Reading Assessment.

-Since -a large majority-of-the-iteus in the Applications Domain
of the Mathematics Assessment required a great deal of reading
compared to the other items on the test, correlations between the
three objectives of Domain Three of the. Mathematics Assessment and
the two objectives of Domain Ti.79 of the Reading Assessment were

also computed. All Fourteen correlations are presented in Table

5-25.

Grade/Year 12:

Table 5 25

Correlations of Reading and Mathematics Results

Reading
Objectives 2.1 2.2

Mathematics Objectives
2 ..3 2.4 3 3.2 3.3,

2.1

2.2

0:42

0.37

0. 9 0.35 0.46 0.44 0.41

0.30 0.41 0.40 0.40

0.33

0.29

The test to etermine a correlation is statistically signif-
icantly different from zero s dependent upon the size of the sample.
Given a sample of size 14 57 any correlation of 0.03 or greater

would be statistically signi ant. Hence, it is more. appropriate

to talk of educational signi ance. G. Glass and J. Stanley (1970).,

present the following categor_7ations of correlations: if the

correlation is less than, or equalo, 0.2:then it should be co
sidered weak; if the correlation is between) 0.2 and 0.6, then it
should be considered of moderate strength; if the correlation is
greater than, or equal to, 0.8, then it should"be considered strong.

All of the correlations in,Table 5-25 are of moderate strength.
Comprehension of algebraic concepts (Objective 2.4) had the highest
correlation with both the reading objeCtives and comprehension of
measurement concepts (Objective 2.2) had the lowest gorrelation with

both the reading objectives. The correlations associated with ,-

objectives of Domain Three of the Mathematics Assessment averaged
about 0.02 higher thaw those of Domain TwO.

,1
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5.8 Summary =rd Recommendations

Thb"...-Grade 12 test consisted of seventy two items designed to assess
students' mastery of eleven objectives grouted into three domains. Inaddition to the mathematics items) the test contained fifteen background
information items which students were asked to complete,before takingthe test.

Students responded to all items on the test by shading in the approp-
riate areas on nark-senses cards which had'been specifically designed forthe assessment. All items on the test were of the multiple-choide variety.For each item, five foils were given. Of th se, four were possible
answers toDthe,item and the fifth was "I do t know".

(,

/

4

One and one-half hours were alloted for adminis ering the test:
thirty minutes for instruedbns, distribution an lecttbn of the test
booklets, and completion of the background info don, items'; sixty
minutes for completion of the test itself.

The Grade 12 test was designed to'be' written by all students enrolledin Grade 12, regardless of their mathematics backgrounds. According
to statistics released by the Ministry of Education, the enrollment inGrade 12, as of 28 February, 1977, was 32 532. Of this number, 23 136
(qi 71.1% of the total) wrote the test.

5.8.1 Background Information'

Based on the data gathered from the fifteen background inform-ation quetions, over ninety percent Of the Grade 12 students wereeithef seventeen or eighteen years old, the normal ages expected.
About 800m1re females that} males wrote the test. While there were
more females than males in the Grade 12 group, there, we're, 1200
more males than females arming the thirty-se en cent of the total'
population who were takling.or had taken so orm of Mathematics 12.
.female ma pricy occUrred,among those students whose_last mathe-

.matics cour ewaseither Mathematics 10 or 11.

As with the Grades 4 and 8, thedata on'number of schools
attended by students in Grade 12 reflected the high degree of mob-flity `among the general population in B.C. By the time students
reached this.level they would normally have attended a minimum of
two schools, an elementary school and a Secondary school, or three
schools, an elementary school, a junior secondary school, and.a
senior secondary school. The results_inaleeted that only about
forty percent of Grade 12 students had attended three or fewer
schoors since starting Grade 1. Urrlike Grade 8 students; a maj-
ority of Grade 12 students responded that the school they were
attending was semestered.

Three questions on the test Concerned the use of hand-held cal-

..

culators.' A majority of Grade 12 students responded that they used
-hand-held calculators in each of the three ways: at home, fbr home-

'Vwork, and. in school.
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A majority Of the students work at part-time jobs which employ

them during the week as well as on weekends. Over one-'third 'of the
students plan to go to work full-time upon graduation. About one-
third of the students plan Id continue their, education.

4.

5.8.2 Test Results
G

The seventy-two items were organized into three domains:
Knowledge and Computation (Domain 1, 30 items); Comprehension (Domain 2,
24 items); and Applications (Domain 3, d8 items).

Students' performance on three items Dotiain wag ratted as
a strength while no performance was rated a weakness. At least
ninety percent of the students were able to reduce a fraction to
its lowest terms and find the reciprocal of a fraction. The students'
ability to recognize that zero is hot a .factor of twenty-two was
rated as a strength in Objective.1.3, Knowledge of Notation and Term-
inology.

Though there were no weaknesses,, several performances were
rated. as being less than satisfactory. Multiplication and division
of deaimal.fractions,. and Writing the decimal form of fractions and
percents were areas in which the students'.performances were rated
as marginally satisfactory. On the positive side, their performances
in, subtraction with fractions and multiplication with fractions and
decima4s were rated as very satisfactory.

The results on two items from Domain weaknesses2 were rated as weaknees
while none of the results in Domain 2 were rated as strengths.
Howev r, the performances on ten items for Domain 2 were tated as
very satisfactory. The weaknesses occurred on items dealing with
fr ction concepts and the metric units of mass. The performances
t at were rated as marginally satisfactory were on items cone
ing ordering fractions, finding the area of atriangle, finding
the slopes of a line, simplifying an expression, and finding the
amount of simple interest.

The performances that were rated as very satisfictOry were on
items concerndng ordering of decimal fractions, metric units of
temperature, capacity, and length, equilateral triangles, finding

. the volume of a box, evaluating,an expressiOn, solving linear an
simultaneous equations, and writing a mathematical equation for a
word problem. h/

Thee Grade 12 students' performande on the 5ghteen items of
Domain 3 was npt satisfaktory. The results on four items were
rated as marginally satisfactory, and the results on five of
items were rated as weaknesses. None of the results,were r
as strengthsand only four item results were considered very
satisfactory. .

There were no weaknesses noted for Objective 3.1,tolye Pro-
blems Involvig Operations with Whole Ntimbers, Fractions, Decimals,
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and Percent, but ,he results on four items were rated as'marginally
satisfactory.

1

The performances on four'of the seven items for Objective 3.2,
Solve Problems Involving Geometry and Measurement, were noted as
weaknesses. The items involved were concerned with finding the
area of a square given its perimeter,.finding the ,pea of a shaded
pqrtion of a rectangle, finding the surface area of a tube, and
finding the length of the hypotenuse of a right .triangle given the
lengths of the other two sides* On three of the four items, fewer`
than fifty percent of the students were able to obtain the correct
answer. The other weakness noted for Domain 3was with an item
that involved finding.the principal amount given the rate of in-

, terest, the time, and the amount of interest.

There were some good performances on items from Domain 3.
with over eighty-five percent of the students selecting the correct
answer on items concerned with finding an average and finding the
amount of a discounq

5.8.3 Reporting Categories

Mathematics achievem nt is e end result of the coalescing of
a great.number-of student based factors, 0th- intrinsic and ex-
trinsic. Attributes inherent in the student, programmatic and
curricular variables, as well as the effect of environmental vari-
ableviich as teacher differences, all contribute in varying and
larg y unknown degree to a given student's overall performance.
Of the fairly large number of4 such variables which the conventional
wiSdom, current educational practice, and the endeavors of educat-
ional researchers have identified as being related to mathematics
alshievement, the ones selected for scrutiny in the Grade 12 Mathe-
matics Asseaament were mathematics background; age, sex, number of
schools attended,'use of hand-held calculators, semesteYed versus
non-semestered sChools, time spent on homework, parental education
level, and future plans4

Mathematics Background -- Of the variables selected, this is
I-4 far the most important. The results summarized in Section 5.8.2
were for all Grade 12 students, but this group is made of students

.

-with very different mathematics baCkgrounds. For this reason, the
data'were'grouped into three catego s: Mathematics 12, those
students who had completed or were ing some form of Mathematics .

.12; Mathematics 11, those students were taking or whose last
mathematics course taken was some form of Mathematics 11; Mathe-
matics 10, thoge students who were taking or whose last mathematics
course taken was some.form of MathematicsJO:

The results for this variable produced the expected p ttern
of performance. Since the Math 12 group had chosen to take
mathematics every year they were ir school, it was.not sdrpri
that they performed at a:much higher level, than the %the o
groups. Since the Math 10 group had decided not to tak any mo

1



mathematics than was required for graduation, it was not surprising
that they performed at a much lower level than the other two groups.
Domain 1 is the only doMain in which the Mathematics 10 group
performed above the 50 percent level, and in this domain they
performed at lower than the 50 percent level on twelve of the

t thirty items. The Math 10 group averaged less than fifty perdent
'correct do over half of the items on the test while the Math 12
group averaged less than fiftyNpercent correct on only one item
of the seventy -two.,

Age Differences -- The general p ttern was that performance
decreased. with an increase in age. e pattern held for every
objective.

Sex Differences -- Males outperformed females on nine of the\)) eleven-objectives. The two objectiveg where the females did obtain
the higher performance were in Domain 1, the legt complex cognitive
behaviour.

.1RIlmber of Schools Attended -- This variable appeared to be
unrelated to mathematics achievement at theSrade 12 level.

Use of Hand -Held Calculators.-- The data were organized
according to the response on each of three items concerning the
use of hand-held calculators at home, in school, and for homework: .

In all three cases the results were the same: students who used
hand-held calculators outperformed the students who did not use
hand-held calculators on every objective.

Tithe SRent on Homework -- Cnly the data on those Grade 12 stu-
dents who were taking a mathematics course` at the time of the Mathe-
matics Assessment ere analyzed for this variable. About two out
of every thirty M.Sth 12 students and two out of every five Math 10

d, students responded th-ott they spent no out-of-Class time on iathe-
maxics assignments. the group of Grade 12,0tudents that spent no
time at all on mathemaiiCs homework had the lowest performance on
every objective. The differences were small butthe trend was very
clear. Math 12 students who spent some time, but less than thirty
minutes per day, on mathematics hothework had the highest(performance
on every objective and the analogous group of Math 11 students had
the highest perfordance on ten of the eleven objectives.

Parental Edudation Level -- The pattern was clear:. the more
4 educatign each parent had, the higher the performance.. An except-

io was noted in the_case of the group-whsee parents had completed
ju tot secondary school. They performed at a lower level than
th group whose parents had completedonly elementary school.

Future Plans -- Students planning to attend university.per-
formed at the highest level on all objectives. Students planning
to look for jobs Performed at the lowest,level on ten of the'eleven

\

--objectives.
0
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5.8.4 Data from the Reading Assessment.

"'In addition to the, Mathematics test, an assessment test in Read-
ing was also given at the Grade 12 level. These two tests contained
similar, and in some cases identical, background information questions.
On bOth the Mathematics and Reading tests, students were asked their
birthdate, sex, andnumber of schools attended. Using the common'
information, a computergearch was able to match the complete reading
and mathematics data for sixty-three percept of the 'Gxeas,...12
students. A data file as created to contain the'intOrmation'and
results on both tests fr the matched students so that comparisons

1 between their perf.- ces on the tests could be made. The .two
reporting categories from the Grade 12 Reading Assessment which
were presented concerned language and television watching.

4 Language -- The Gradok12 data were grouped according to whether
the students had been borh'in Canada, whether they Usually spoke a
language other than English before starting Grade 1, and whether
English was the language usually spoken in the home. The non-Cana-
dian non - English - speaking group obtained the highest results in
each domain,.

.4e
. .

Teiedision Watching -- Grade 12 Students who watched som
less'than one hour of television, per weekday had the best perfor-
mance on ever-Y-Objective. The pattern among the data was that the 17
more television watched, the lower the performance on the Mathe--
matics Assessment test. The no television group ranked'between
the about one hour and about two hours groups.

5,.8.5 'Recommendations
.11011.1

Based On the data presented in this chapter, the following
recommendaladhs were made.

Recommendation 5-1:. The Ministry of Education abuld institute.a
program of research designed to ascertain why such a high proportion.
of female studehts do not continue to study mathematics beyend the
last compulsory course.

Recommendation'5-2: On the basis of the evidence obtained as a
result of.the implementation of Recommendation 1, the Ministry of
Education, in cooperation with local school districts and teachers'
groups, should.' institute professional development programs to
sensitize teachers and counsellorq to'this tendency and with ways

0.4z
of dealing with it. 9

Recommendation '5-3: The Curriculum Development Branch should
consider the impact of thi use of hand-held palculators in math&
matits classrooms at various levels: primary; intermediate;
junior secondary; and senior secondary. The Committee should
provide guidance and direction tobteddhers of mathematics
regarding the most appropriate uses of such calculators in their
teaching.

4
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Recommendation 5-4: Schools and aohool districtszohould implement
programs'to familiarize all of their students, but especially those
at the senior secondary level, with the basic'concepts and prin-
ciples of>the metric system of measurement.

8.

Recommendation 5-5: The Curriculum Development Bi4andh should examine
the situation with regard to the teaching of percent and its appTi- -
cations, and give specific suggestions to teachers regarding appro-
priate materials and methods to be used in teaching these topics.

4,

Recommendation 5-6: Teachers and teacher educators should stress
the overriding importance of prohaem solving in mathematics and-.
they should attempt to teach their students various strategies to
employ in attempting to solve problems in mathematics.

.Recommendation 5=7: Individual teachers,and mathematics depart-
ments should set up their own collections of problems and activities
out of which problems grow, keeping in mind the interests of their
students and making use of local information in_order that their
problems will be more interesting to students.

Recommendation 5-8 The Curricula elopmeq Branch should give
immediate and serious coltii,deration o ways a{ mean's of ensuring
that all students completing Grade 1 have been taught the major
topics of.consumer mathematics.

Recommendation 5-9: The Curricul Development Branch should recon-
sider the nature and scope of the eometry curriculum at the secon-
dary school level, keeping in mind the results obtained by the
'students on'the geometry items on t s test.

160
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Chapter 6

GRAbES 4, 8, 1,2: COUMON ITEMS
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Many4of the skills and Ancepts of mathematics which are lAned in

one grade continue to be useful-and important in subsequent years. More-
over, it is often the case that when. such toncepai of skills are intrp-
duced for the first time mastery is not expected. Instead, since teachers
and curriculum developers know that the topic will be re- introduced later,
only certain aspects are dealt with each time and only a certain degree of.
mastery is expected.In other Wordsk since mathematics is developmental
and highly sequential_imehature, a degree of development in students'
ability to deal with various concepts and skills is not only to be expected
but desired.

165

In order to. obtain information about development of students' mastery
of such topics, a number of items were repeated on twoor, in some cases, all
three of the tests. Nine items were repeated on Gr e 4 and 8 tests, forty-

..

three items on the Grade 8 and 12 tests. Of the ems that appeared on more

Ithanution of the common test items as the items e numbered on the Grade 8 test.
one test? five appeared on all three. Fig re 6-1 presents the distri-

r---

13,14,15,17,18,28,29, 1

X30,31,34,35,36,37,39. f
40,42,43,44,45,46,47; ,

'A8,50,52,54,57,58,59,1
60

N

(The items are numbered
as they appear on the
Grade 8 test,),

Figure 6-1: Distribution of Common Test Items
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6.1 Items Common to All Three Tests

The five items appearing on all-three tests measured students'
knowledge and understanding of the units of the metric system of measue-
ment.. Results for these five items appear in Table 6-1

Table 6-1
'Resultsfon Items Common To All Three Tests

I

Item No. Topic Grade/Year 4 Grade 8. '" Grade 12

19* t' temperature
20 conversion
21 capacity
22 mass
23 length

Average

32 6' 87

69 63
84 90
45 54

84 82.

50.8 70.2

* Items are numbered as they appear o Grade 8 Test

According to the Cufriculum Guide fo Mathematics, students in
Grade/Year 4 should have been t ght the metric system, of measurementand
only the 'metric system since they entered school. In spite of this only
32% of the\,Grade/Year 4 students chose the appropriate temperature for a
sunny summer day and only 25% were-able to select the appropriate mass for
a ten-year-old boy. One cause for the much better performance at the
higher grade levels may be the exposure the public has been receiving
concerning the metric wits through the communications media. Item 19,

is a foodbelow,

19. The temperature on a sunny summer
day woul most likely be: -Grade/Year 4 Grade 8 Grade 12

.

C) 55 Celsius'
D) 85 Celsius

E) I don't-know
No Response

example.

A) 5 Celsius . 5:
3

B) 25 Celsius 32- '69 87

27 12

129 9 3

4 2
1 1 1

S.°

Figure 6-2: Common Item (degrees Celsius)
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Canada has been using degrees Celsius for tem rature for over two
167

years, a longer period than for any of the other new units. While the

.

degree Celsf141the unit that s1iou]4 be most familiar to the eanadian
people, Item elded the'most drastic differences among the three
groups of all five items which dealt with metric measurement. It may be
that Grade 8 and 12` students are more knowledgeable about tetpetature in
degrees Celsius simply because they are more aware of the day-to-day temp-
eratures which are reported in these, terms.

- I,,

All three groups performed equally well onI.tem 13, shown in Figure
6-3 tyhich dealt with units of length in metric system.

23. About how long is this crayon?

A) 1 centimetre
B) 10 centimetres

C) 1 metre
D) 10 metres

E) I don't know
No Response

Grade/Yeatt, 4 Grade 8 Grade
4 2 3

81 84 82

5 6 4

5 4 4

a 4 'leo.* 3 7

1 1 \ 1

I

Figure 6.73: Common Itet (length)

The centimetre is one of the first metfic units introduced in the
o primary grades', and all of the mathematics textbooks used in the primary

grades suggest experiences analogous to that in Item 23. All three Inter-
pretation Panels were satisfied with the students' performance on Item 23.

62 Items Common to the Grade andand 8 Tests

Four items, Items 4, 10, 16 and 32, were used on both the Grade 4
and 8 tests. The results obtained by the two groups on these items are
summarized in Table 6-2.

Table 6-2
sults on Iteml6in Common .to the Grade 4 and 8 Tests

Item No. Topic Grade/Year 4 Grade 8

w
4 addition 89 93
10 place value 88 90

Average
-...,

78.2 IS 90.0

89
1? addition (money) 80 88

16 subtraction 56
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Three of the four items, all but Iteli 10, were esented as open-
ended exercises on the Grade/Year 4 test, whereas a 1 of the items on the
Grade 8 test were'multiple-choice. Betause of'this any comparison be-
tween the results'of the two groups of students sho ld be made with
caution since the format of the items may have influenced student perfor-
mance. Comparison, however, is made easier by the fact that on Items 4
and 32 both'groups performed very well.

The Interpretation Panels for both grades-Wre pleased with the
performaCes on Items 4, 10 and 32, and the Grade 8 Panel was very satis-
fied with the Grade 8 students' performance on Item 16. The results on
Item 36 of the Grade/Year 4 test, the same item as Item 16 on the Grade 8.
test, were judged to be a weakness by the Panel for that grade. A complete
discussion of the restlts on that item may be bound in Section 3.3.3.

6.3 Items'ommon to the Grade 8 and 12 Tests

Forty-three of the items -he Grade 8 test, including the five
metric items.discussed in Section 6.1, also appeared on the Grade 12 test.
The results obtained on these items are discussed in this section which,is
organized according to the Grade 8 list of objectives. For Bach objective
the following information is provided:

1) the item numbers for tl.r6 common items from the Grade '8 and 12 tests
2) the item results for four groups-of students, Math 8, Math 40, Math 11

and .Math 12
) .

3) the average percent correct for the common items on that objective, and
4) the number of items used to assess that objective.

Items which were common to these two test ad been givenfidentical
item numbers so that comparison between tests ould be facilitated.

All students. who took the GAAde 12 test were enrolled in Grade 12,
but not all of them were taking Math 12. For that reason, the Grade 12
results presented in this section are organized by three groups of students:
those students who had completed or were taking some form of Math 12 (Math
12), those students who were taking or whose highest mathematics course
completed was some form of Math /1 (Math 11), and those students who were
taking or whose highest mathematics course completed was some form 'of Math
10 (Math 10). The fourth group of students discussed in this section in7 el
clUded everyone who took the Grade 8 test' (Math 8)1

The number of items used to assess an objective is, given since the
following three situations arise: 1) the common item. and the items used
to assess an objective are identical, 2) the same number of-items are, used
on each test to assess an objective and the common items are a, proper sub-
set. As a result, the average on a set of common items for an objective
may differ from the average 'for the objective reported in Chapter 4 or 5
because it- is based on a different set of data. ,Decisions Of judgments
regarding the degree of success attained by a group of students on a given
objective should be basedhpon their performandt on the complete set'of
items used to assess that objective and ndt'on a sub4et of them. Thedis-

*cussion in this Chapter will therefore focus on a comparison of groups'
performance relative to each other and not on\any single group's perform.-
ance on an objective. V
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None of the items used to evaluate the ective, Computation

1

with 169

Whole Numbers, on the Grade- 8 test were rep the Gr'ade 12 test.

1
For that reason, presentation of the result o the -Items' common to the

Grade 8.and .12 tests begins with Computation w th Fractions.

6.3.1 Objective-: Computation with Fractions

The four items used to assess this objective on the Grade 8
test were also used/on the Grade 12 test. The'results for these
items are'presented,in Table 6-3.

Table 6-3ft

Results for Itedis Common to the Grade 8 and 12 Test.
Objective*: Computation with Fractions

Percent Correct:

-Item Operation Math 8 Math 10 Math 11 Math 12

2 Addition 66 67 N
6 Subtraction 63 67

11 Division 62 47

29 Multiplication 82 .74'

Average 68. 2

84

84

70

85

630 80.8

98
96

91,

96

95.2

* The objective was assessed by four items on'each,test,

It is not surprising that the Math 11 and Math 12 groups, scored
significantly higher than the Math 8. and Math-40 groups on this or .

any other set of items, since the students in Math 11 and Math 12
are, generally speaking, the most capable and most interested mathe-
matics students. As might well be expected on this objective, which
is from the lowest' cognitive behaviour, the Math 12 performance was
veryhigh.

Those Grade 12situdents whose/last mathematics course was some
form of Math 10 had a rower average Perfoymance than the Grade 8
student's on this objective. The Math 10 group out-performed'vhe Math'
8 gfoup on add4ion.and subtraction items, but 04 Math BeWas/superiork
on'the multiplication and division items.'

6.3.2 Objective: Computation with Decimals

The same five itIt ems,were 'used to assess this objective on both

the Grade 8and 12 tests, The.students' perfOrmance'owthese item's
,/is summarized in Table 6 -4.

.

The general pattefh pf performance seems to be the same for
computation with Tractions. It is inter sting to note that 'the per-
formance of the Math 10 group is the only onethat'is,higher on thii,
objectivethan on the previous one. The Mph 8 groupstilloutper!or-;
med the Math 10'group, however, and the Math 12, group performed ~above

the 90% level. Compared to the performanCecomputation with frac
, tions, the Math'8 and Math 10 groups, erormed k a level* ighich was

closer rto, but still distant from e Math il group.

(

.

1 G 6. (.'
/ --...

0

..3/1.1

;

4

,



S

A

iJo
Table 6-4

Results 'for Items Common to the Grade 8 and 1 Tests
Objective*: Computation with Decimals

Percent Corr

Item Operation Math 8 Math 10 Math 11 Math 12

1 Subtraction 79 78
5 , Multiplication 63 57-

15 Addition-. 72 . 75

17 Subtraction, 66 71
.

28 Division 58 44
,

Average: 67.6 65.0

85--- 93.

74 9
83 90
84 95

60. ,82 ,

77.2 90.4

* The objective was assessed by five items on each test.

ti

.22
ep

All three groups at the Grade 12 level seemed not to be a ffected
by the "ragged alignment" factor in Item 17. The differente in per-
formance'between Item 1 and Item 17, both .involving subtraction of
decimals in horizontal form, was seven percent for Math ,10, one percent
for Math 14 and a trio percent increase for Math .12. The Math 8 per-
formance dropped thirteen percent between the two Items.

6.3.3
0

Objective :4 Knowledge of 'Notation and Terminology

Yo teen items were used to assess students' knowledge of nota
tion and terminology on-the trade 12 test, and nine were used on the
Grade '8 test. Of these, eight items were common to both tests, The
results obtained on the common items are displayed in Table 6 -5.

Table 6-5
'1°(sults for Items Comon to the Grade 8 and 12 Tests

Inwledge of Notation and Terminology

Item .Topic

ltz!

, 3 .Square Root
Factqr
Power's of 10

Centimeitres

3ffrL 2
r xponentc'.34 '

44 Reciprocal:

' 45 Prime, Numbers

.Average

Percent Correct:

Math 8 Math 10 * Math 11 Math 12

51 62 87 , 99

. ,' 8378 , '71
- .

.

,:
96

, 73 56 ' 71 87

69.- . 38 55 85

72 67 88 \ 96
73 t , ,, 6,6 75 87

'80 74 89 . 98'

1653 38 60 , 411, 84

68.6. ,.59:0 '76.9 91.. 5

t
objeeiive aas 4Ssessed by nineitems oA Grade.8 test and fourteen items

'on te _Graff 42 test-

s) ''
). .

A
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All three*Grade 12 groups recorded their lowest performance of
the eight items on Item 45, identifying a prime number. .The Math 8
group's performance on Itei 3 was the only 'one of the eight items on
which they performed lower than Item 45. The Math 10 group performed
equally poorly on,Item 20, convertin 5 metres to centimetres. The
Math 8 performance on Item 20 was sec, d only to that of the Math 12
groups.

Onci again the Math 8 grouP's performance was higher than that
of the Math 10 group, and the Math 12 group continued to perform

.above the ninety percent level. 4

6.3.4. Other Common Items from Domain One

Because the tests yere designed for use at three different grade
levels, some items which were repeated were classified with different
objectives on different tests. There were,seven such items. Three of
the items used to assess Knowledge of Geometric Facts on the Grade 8
test were used to assess Knowledge of Notation and Terminology on the
Grade 12 test. The results for those three items are found in Table 6-6.

Table 6-6
Results for Items. Common to the Grade 8 and 12 Tests
Objective (Grade 8): Knowledge of Geometric Facts

Objective (Grade 12): ,Knowledge, of Notation and.Terminology

(
' Percent Correct:

)1
Item , Topic Math 8 .Math 10.

.... t,

35

80
.

Average: 58.3 , 60.3

39 Obtuse\Arigle 40
t.,,

40 Diameter ,0°'63 66
42 Sphere 72

Ai*

Math 11' Math 12

51 88

77 86

87 95
,

71.7 89.7

The Math 12 group's performance is slightly below the ninety per-
centlevel, but the performance is still high, as would be expected.
The Math 10 group outperformed the Math 8 group on these three items
on the average.

All three lower groUps had difficulty with Item 39, recognizing
an obtuse angle. Whether or not the classifying of.angles as acute,
right, and obtuse is taught dr'is perceived As being important by
students and teachers cannot be determined from the data.

Four of the items used to assess Equivalent Faims of Rational
'Numbers on the Grade 8 test were used for Knowledge of Other Algorithms
on the Grade 12 test. The results for the four items are presented in
Table 6-7.
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Table 6-7

Reults for Items Common to the Grade 8 and 12 Tests
Objective (Grade 8): Equivalent Forms of Rational Numbers

Objective (GrAde 12): Knowledge of Othef Algorithms

Percept Correct:

Item Topic Math 8 Math 10 Math 11 Math 12

. 13 ?faction to Percent 55 56 75 94 °

31 Fraction to Decimal 38 42 ' 61 87

35 Percent "to DeCimal 47 39 . ', 57 '86-

46 Reducing Fraction 80 84 91 97.

Average: 55.0 55.2 1.0 91:0

The results of these last four items of Domain 1 that are common
to the Grade 8 and 12 tests follow the same basic pattern as for the
other objectives. The Math 12 grouriperiorned at above the ninety'
percent level, Mati8 and Math 10 performed at similar levels, and
Math 11 performed at.&level between\the Math 12 performance level
and that of the Math 8 and Math 10 groups.

Recommendation 6-1: Secondary mathematics teachers should work to
improve the MathI8, Math 10, and Math 11 students' performance on the
use of algorithms for rational numbers: the four basic operations
with fractions, the four basic operations with decimals, and equiva-

.
lent fofms of rational numbers.

Figure.6-4 presents graphically what has been stated in the dis-
cussion: the Math 12 group's performance was above the ninety percent
.eV-0., far superior to the other groups; the Math 11 group's perfOr-
mance was around the seventy-five percent level, well abOve' the ' 15.

performance of the lower two groups. The Math 8 and 10 groups'
NI 111TH a

performances were very similar and low.

ri
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Figure 6-4: Grade '8 and 12. Results of Common tems, Domain 1



6.3.5 Objective: Comprehension of Number Concepts

On both the Grade %and 12 tests six4items were used to assess
Comprehension of N ber Concepts. Of the six items, five were common
to both. tests. The e ults for the five items are presented in Table
6-8

-Table 6-8
Results_for Items Common to the Grade 8 and 12 Tests

Objective*: Comprehension of Number Concepts

Percen* Correct:

Item' Math 8

12 42

14 69

18 32

47 29

50 59,

Average: 46.2

Math 10 Math 11 Math 12
*

173,

44 55 78

78 83 94

35 45 66

37 51 79

60 71 , 87 .
,, ':'

50.8 61.0 80.8

* The objective was assessed by six items on each test.

.
As has been noted in the three precefding chapters,. performance

,..,
levels tend to decrease as the cOnitive behaviour (domain) level in-
creases. This tendency is also true a ong the three subgroups at the
Grade 12 level,'as is evident from the results shown in Table 6-8.

F
.:-.

The patterns of
vt

performance for each group relative to the retther
-.

three remain the same as they were for the objectives pf Domain 1,-with,
the Math 12 performance being far suEerior to the others. The Math 8
and Math 10 groups continued to perform about equally well. Students
from all four groups had more difficulty with Item 18 than with any
of the other items in this group. Item 18 and a discussion of the
results are presented in Section 4.4.1 fox Grade 8 and Section 3.4.1,
for Grade 12. Only the Math 12 group obtained a result higher than
fifty percent'on this item, and their score'was twelve percent less(-
on this item than their,next lowest score. . .

6.3.6 Objective: Comprehension of Measurement Concepts

(4 .e The five.-items used to assess mastery of measurement concepts on

.

the Grade 8 test were also used to assess the same,objective on the_,-

Grade 12 test. The results for these five items are presented,in
Table 6-9.

4
,

Items 19, 21, 22, and 23 alsoiappeared.on the Grade/Year 4 test
and were discussed in section 6.1 of this c a ter. The pattern bf
overall performance portrayed here is-basic the same. The Math 10
group, outperformed the Mat t...9 group nceleven mixcent on Item 19, the
metric temperature item, but it is not Oos'ible to tell from,fhe data

' .whether that superior perforniance was due to school-basePfactors or
__tp the exposure to the new ynit of measurement for temperature on a

----day-to-day basis.

A
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Table 6-9

Results for Items Common to the Grade 8 and 12 Tests
Objective*: Comprehension of Measurement Concepts

Items

Percent Correct:

Math 8 Math 10
a

Math 11 Math '12

19 69 80 86 92

21 84 L 82 89 96

22 45 46. 49, 67

23 84 , 65 79 93
43 65 63 78 94

6
Average ' 69.4 66.0 76.2 88.4

.

* The objectivegpas assessed by five items on each test.

The centimetre, on the other hst/ d, is one of the first metric
units introduced in schools and is used o in a very` limited way

in today's society. The Math 8 pi& o erformed the Math 10 group
and the Math 11 group ,on Item-23, the i length item.

Recommendation 6-2: Teachers of mathematics, curriculum developers, and
teacher educators should cooperate in starting both pre-service and in-
service efforts to en re that all students, receive prOper instruction in
all the facets of the tic-'1System of measurement .needda to be a furze-

tioning member of Can dian society.

6.3.7 Ob3ective: Comprebension of Geometric Concepts.

The Grade 8 and 12 tests each included four items to assess Comp-
-rehension 'of Geometric Concepts. Two of the four items were common to
both tests, and the results for these two items are presented in Table
6-10.

Table 6-10
Results for Items Common to the, Grade 8 and 12 Tests

Objective*.:. Comprehenion of Geometric Concepts

Percent Correct:,

Items Math 8 Math 10 Math 11 Math 12

521 24 24 42 83

54 63 66 78 92 - .

Averag: 43.5 ' 45.0 60.0 87,.5

*The objectj.ve,wes a sussed by four items on each test.
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One of the most startling results was produced on Item 52; find-

ing the-area of a right triangle. Item 52 and a discussipn of the
results are presented' 14 Section 4.4.3 for Grade 8 andection 5.4.3
for Grade 12. This item involved the 'use of the for the area
of a triangle, one of the most 'Simple and useful geometric formulas.

On Item 54, which required students-to find the volume of a box measur-
ing 6x5x8, the Math 10 group outperformed the Math 8 group by only three
percent.

Recommendation 6,3: Curriculum developers and secondary mathematics
teachers should ensure that the basic.formulas for area and volume are
presented and understood by aZZ students.

6.3.8 Objective: hension of Algebraic Concepts

Ninl algebraic concept items were included on the Grade 12 test
and three on the Grade 8 test. Two items were common to both rests,
and these are discussed in Table 6-11.

Table 6-11
Results for Items Common to the Grade 8 and 12 Tests

Objective*: Comprehension of Algebraic Concepts 4

t

Items

Percent Correct;
e e.

Math '8 Math 10. Math,1I- Math 12

48 . 18

57 68

Average: .1 43.0

32

70

51,0

58
82

70.0

92

88
4.

90.0

* This objective was assessed-by three items on theGrad, 8 test and seven
items on the Grade 12 test.

The performance on this objective'is c1Ose to what might have
been expected. The Math & group scored low, but they had only be gin
to use algebraic. concepts dn,the more formal mathematical sense. The

Math 10 group scores were low, but higher than those of the Math,8
group. The Math 11 group scored nineteen percent higher than Math 10
and twenty percent lower than Math 12. Item 48, which dealt with
,order of operations, yielded a mmch lower perfo nce than was antici-
pated. The results for Item 48 obtained by t thy group are dis-
cussed in Section .4.4 of this epoyt and the results of Item 48 for
the'Grade )2 group are discussed injection 5.4.A.

The pattern of performane forthe four groups on the common
items of Domain 2 are presented-in Figure 6 -5..

. When comparing the performance of a group, with respect to the
other'three groups, the results are analogous to those presented for
the common items of .Domain 1. The Math 12 group's performance was

an average of twenty percent greater than the Math 11 group's which,
in turn, wds an average of thirteen percent greater than the lower

4 two grbups. The Math 8 and 10 groups' performances were and had
an difference of less thin one percent.

1-72,
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Figure 6-5;., Grade 8 and LL Results of Common Items -' Domairi2

6 9 Objective: "Solve Problems Involving Diff ent Se ts of Number

Of the seven items used to assess this objective on the Grade 8
te'S ree items wererepeated.on the Grade 12 test where nine items_
wer sed to assess the objective. The results for the three items
in common-to both tests are presented in Table 6-12. On this objective,'
the results were similar to those for Comprehension of Algebraic Con
cepts in that the performance level increased for each succeeding group.

Table 6-12
Results for Items Common to the Grade' 8 and 12 Tests

Objec ive*: Solve Problems Involving Different Sets of Numbers

Item
PArcent Correct:

Math 8 Math 10 ' Math 11 Math 12

58 68 75 85 9k5
.59 57 63 75' 91
60, .38c, 41 58 86

Average: 53.7 t -59.7 72.7 §0.7

4., This objective W,as assessed by sev items on the Grade 8 test and nine
items on the Grade 12 test.

73 .



The item that yielded,the lowest performance, Item 60, was 4a
multi-step problem. The item and a discussion of the results appear
in Sections 4.5.1 '(Gracle 8) and 5.5.1 (Grade 12) of this report. It

seems likely that students'wholdid the problem incorrectly did so
because they tried to turn itItinto a one-step problem. On both
tests the students selecting an incorrect distractor were evenly split
between distractors B and D. Both.of these distractors are based on
!Students combining*two percents and using the results as the number of
students.

6.3.10 Objective: Solving Problems Involving Geometry and Measurement

There were t ree items on the Grade 8 test and seven items on the
Grade 12 test u ed to assess students' ability to solve geometry and
measurement problems from the Applications Domain of theMathematics

A Assessment. Two of the items were used on both tests. The results

for those two items are presented in Table 6-13.

Table 6-13
Results for ItemsCommon to the Grade 8 and 12, Tests

Objective*: Solve Problems Involving Geometry and Measurement

lk

Item Math 8 Math 10 Math 11 Math 12

Percent Correct:

3

Average:

66

27

46.5

.9-

61

27

/%4.0

78

44

61.0

""

94

79

86.5

*This objective was assessedkby three items on the Grade 8. tesl and seven

items on the Grade112 test.

A more common performance pattern prevails for the two common
items from this objective. Math 8 and Math 10 performed at similar
levels, Math 11 between the two other Grade 12 groups, and Math 12
some twenty-five percent higher than the next highest group.

Item 37 obviou caused considerable diffq.culty for everyone.
The item and a discus ion of th, results for the item may be found
in Sections 4.5.2.

The performanc-Wpat,L rn for the four groups on the common items
of Domain 3 are presente igure 6-6. The same pattern exists
for the common items of Doma 3 as did for Domains 1 and 2. The

Math 12 group performed an average of tvene-two percent higher than
the Math 11 group which performed fifteen percent better than the

lower two groups. The Math 8 and 10 groups' performances differed
by Jess than two percent.

1'4
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6.4 Summary and Recommendations

One of the aims of the Mathematics Assess Tent was to gather data which-
would give some insight into the development of students' abilities to deal
with certain concepts and skills. To gather data relevant to this aim, a
number'of the same items appeared on two or more of the tests.

Five items were common to all three tests. 'These were concerned with
knowledge and understanding of the uniis of the metric system of measure-,
ment. The Grade 8 and 12 groups consistently scored higher than the Grade/
Year 4 group. On-the metric length items the three grade levels were separ-
ated by 9nly three percentage points.

There we our items that appeared on the Grade 4 and 8 tests, but
not the Grade test. On three of the four item's both groups scored at
the eighty pe level or higher. On Item 16 the Grade 8-group s-co
one third higher than the Grade/Year 4 group but Item 16 was open-en
on the latter test and multiple-choice on the former, which may account
for some of the difference in performance.

go
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There were forty-thre items common to the Grade c8 and 12 tests. Due

to the large 'limber, the' re alts for -the items were organize ,and discussed

The Grade 12 group was divided into three i;bgroups: 12, students
who are taking or 1\ave completed kme form of thematicsterMath 11,

those students taking or whose highest mathemat cs course completed is o
/''''some 4 ii of Mathematics 11;,and Math 10, those tudents takin or-whoise

highes thematics course completed is some form of Mathematics' 10. The
Math 8 g ..' included everyone who took the Grade 8 test;

The dean perfornance.of each-of the four groups for thd items common
to the Grade 8 and 1 tests,'organized by Domain is presented in Figure 6-7.

.
. ,

g ",very clear patterns o performance are ill-ustrated in Figure 6 -7.
The MA, 12 group, as would be opea, performed well on all three domains
and eve aged more than eigh n percent' higheethan the next highest group.
The Math 11 group's perfprmance was in tht middle, eighteen percent below

L
Math 12 and fourteen percent above the 1,ower two gioups The most,signifi-
cant pattern in Figure 6-7, however, is that the Math 1 group's performance
was no higher than the Math 8 group's per.ornance.

42

The, relative.position of-Math 10, Matt 11, and Math 12 among th three
groups is not surprising. TheMath 12 g up should be the best of th
three since the group consists of those students who have elected t take
mathematics every year.*The Math k]1 group includes students wh eve elected
to take one more mathematics course than is required for seco ary school
graduation. The Math 10 students have either decided to take no more mathe-
matics than is required, or have been incapable of continuing beyond the
minimum level required for graduation.
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1Nr

Asked about their future plans:the response Category most commonly
selected by the Math 10 group was "Look for a job ". As the students in
the Math 10 group seek employment, they are assumed to have certain skills
as graduates of the school system. Among those skills is a mastery of the
essential skills of mathematics. Society's judgment of their level of
mastery of those skiffs is.delayed until the students enter the job market
upon graduation from secondary school. If it can be assumed .that the
judgment is based, in part, on skills learned during grades 9 and 10 and

_that the desired level is higher than the sixty percent level of actual
performance, then it should be a matter of some concern that, upon gradua
tion, the Math 10 group's performance is no higher than hat of the Math 8-
group. -

Based upon results described in this chapter sever 6l recommendations
are presented. Many recommendations have been made in'Chapter A for the
Grade 8 group and in Chapter 5 for the Gfade 12.group.

Recommendation,6-1: Secondary mathematics 'teachers should work to improve
'the Math 8, Math Za, and Math ZZ studNts' performance on the use of
algorithms for rational numbers: the four basic operations with fractions,
the four basic operations with decipals, and equipvalent form's of rational
numbers.

Recommendation 6-2: pachfrs of mathematics, curriculum developers., and
teacher educators Should co-operate in starting both pre- service and in-
service efforts to ensure that aZZ students receive proper instruction in
aZZ the facets of the metric system of measurement needed to be a function-'
izg member of Canadian society.) .

RecomM&ndation 6-3: Curriculum developers and secondary mathematics teachers
should ensure that the basic formulas for area an ume are presented to
anAnstood by-all students.

2 .

I

a

.177
1

9.



-°\

I

aK

.4

44

s.

I

, csk.b
os-

Appendix A: Schools Participating in the Pilot
Testing for the Mathematics Assessment

4

Nct

A

178

4i

B



SCHOOLS OF THE PILOT TESTING

The authors of this report are very grateful to the-administor and

staff'of the following schools which *icipated in piloting th
student tests in the autumn of 976.

Grade 4 Piloting

Douglas Road Elementary, Burnaby School District
Hillcrest'ElementarY, CoqUitlam School District ,

King George I Elementary, Prince George School District
Lakeview Elementary, Burnaby School district-
MacDonald Elementary, Vancouver School District
Muriel Baxter,Elementary,'Cranbrook School District
Sir William Van Horne Elementary, Vancouver School District

Grade' 8 Piloting

Alpha Secondary, Burnaby Schbol Ditrict
Connaught Junior Secondary, Prince George Sdhool Dlog,n1r,
Gladstone Secondary, Vancouver School District.
Handsworth Secondary, North YancouverSchool.Distridt .1
Kitsilano Secondary,- VanCouer School District
Laurie JuniorSecondary, CrahbYook,Schobl4District ,

Mary Hill Junior Secohdary;,Cowitlam School District

,Grade 12 Piloting'

."Alpha Sewridary, Burnaby School Dfstrict t

Segogdary; Vauver School*District, .

Handsw rth Skcondary, N hVancouver SchootDistrict
Kelly Road Secondary, Prince George Sthool, District
KitsilanoSe'condary, Vahcouver School ilislrict ,

Mgant-Bakef- Secohdary,.Cranbrook School diStrict 's

Port Moody Senior Secondary, Coquitlam School District
)

'
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MATHEMATICS REVIF PANELS.: . .

.,
.r. 185

Reviewipanel s comprised Of ,edu or§. ,ind 'members of the lay public were orga'n-

ized in the autumn of 1976 at ft -provAncial centres to examine and amend trte
proposed objectives Of the mathematfcstassessment before the student tests were
deveroped.

t.CASTLEGAR REVrEW- PANEL

Ar. Jack Allen; Supervisor ,

Cranbrook School Di strict \,

Mr. Larry Cerny, Teacher
Fernie Snool District

Ms, -SheilirCrane, Teather
Arrow Lake's, Sthool Di stri ct-

, Mr. Jack EdsOn, Teacher
NelSon School District

n
Mr,. Dal eltFi.ke, Personnel -Officer

Comi nco , Trail

Mr: Bruce Gerrard, Teacher
Castlegarl 3chool C i Strict

Mr. Tom Gougeon, .Teacher
CaStlegar School District.

. Mr. Tom Johnson, Teacher
,Nelson School District

Ms. Joan Knowl es T.eadher

Castlegar Schotil District

Mr." Peter Makiev, Teacher
Nel5on School District

Mr. Gary V?t,tcheli , T,eacher.

Cranbrook School District

Mr. Bruce, Morrison, Teactipr

Arrow Laizes 'School District ,

Mr. Sebastian Nutinit; Supervisor
Trail 5Cho61 Di strict ,

Mr. Frank, Pereh4doff, Teacher

Castlegar' School District

Mrs. Jean Ryley, , Primary Co-Ordinator
Cranbrool School District

Mr. Dan .Shimizu, Teacher
Tratl , School_ Di strict

,

Mr. Mao Sinclair; Selkirk
Community College, Castlegar

Mr. Satoshi Ichida , Teacher
Castlegar Selool Distr ct

Mrs. AdelOule , F memaker
4 Castlegar

.4

, RICHMONDAREV,IEW PANEL.,

.

Mr. Dominic Alvaro, Teacher. .

NO#V7Vancbuver School Dis.trict

, Peter Beugger, Elementary'
' -Consultant, North Vancouver School

District

Mr., Robert Campbell, Teacher
Richmond School District

MS. Evelyn Grimston, Teacher`
Burnaby School District

Mr. Don Heise, Teacher
Burnaby School District

Mr. Henry Janzen, Teacher
'Delta School District

Mr. Ted Kagetsu, Teacher
.,Richmond School ,Diftaict.

.. Mrs. Mateline Nobl Ai, School Board

,Member, Richmond sehool District

,.Ms. L nda O'Rei 1,1y , Teacher

, 4.4rico lir SchoOl District

Mr. :Garry Phillips, Teacher .

lb NeVrWestminster School District

Mr. BerdieL,Pregley Continuing _Education
Administrator, 'Coqui tl am 'School District

Mr. Dave Riv'er's, nu6ation. Services .

Off icer ,, British Ccrlumbia Shoo)

Trustees Association , ..4.WancouNier

'Ms.(? Pat Takasaki , Teacher,

RI ehmond School Di strlict

Mr. Alan Taylor, Teacher
Coquitl am School Distrtct

Mr. R. Bruce Wood, Teacher
Vancouver School District
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HANEY REVIEW PANEL
.c.\\ Mr. Ken Abramson,. Teacher

Chilliwack School Dis,trict
Mr . Mary Ammerlaan, School Aide
Ma le Ridge

Mr. Chartered -
Accountant, Magle-Rixige, bs

Mrs. HelenCasher, School Board
Member, Maple Ridge' School D,istri t
Mr. Mike Cianci Teacher

V Kamloops. School District

Mr.. Rchard Collins, Teacher
Coquitlam2SChool District

.Mr. James Connor, Supervis
Maple Ride School District
Mr.. Nevi'll)i. Cox, School' 'Board

o ,Member, Mission School District
Mr. AlanDavies, Teacher .

CoquitlamVchodl strict
Mrs. Grac Dille', Curriculum
Advisor, Surrey 'School District!
Mr. George 'Eldridge, Teacher'
Kamloops Sch9qi

M,: Len Fowles, Principal
.KamloopSSchool District
Mr.Roger. Fr

4- ColdAttlam S
schi , 'Teacher

hoeDistridt
Mr. Ralph ardn'e'rcSupervisor
Cocuitlam chogi, District

.

- Mr.aKiyo- Haillade,,eacker
Langley School; District ,

Mrt. Lynda F ylow, Homemaker -

Maple Ridge

Mr. ,Retv, KOrop,a tniek, Teacher
Chi 1 l'iwack SchoOl -Di Stri :

.Mr. Roy Kui ta Teacher.
Surrey SChotkl Di st'rfet:

,
Mrs. Ozai5- McSWeeney, Teacher, iee
.Chililiwack School Distriects

MrPS . llus sal -

Homemaker, Maple Ridge

Mrs: Mary Wright, ,Teacher
1..ang 1 ey, School Di strict :1\

VICTORIA REVIEW PANEL

Mr. .George Atamanenko, .Town .

) Planner, "ictoria,
Mrs. JeantBarnes, Teacher-
Gtilf Islattds School District,
Dr. William Bloomberg,, Forest
Chemist, Victoria 1"

Mr. ,Geoff "Booth, Teacher
Nanaimo School District

. Kixsten Cox, Teacher
,QValicum School District

William Dale, 'Teacher
'QualicUm School District

John Epp, Teacher
Sooke School District

,/ Mr. DaYid Ha'rris , .TeacheY,,
I- Victoria School District

.
r.'4-old` Knight, School Board

. em , Victoria' School District
Mrs,." 'Helga LtnketSchool Board

ber, Lake4Cowichan-Scht?ol- Dist-rict
Mrs . oseMari d Love.; ,f eatAsir
Sdoke School DistNct.
Mr.. Daryl McIntyre Principal
Sooke School -Distri(ot

Mrs., -,Betty Morphet, Teacher
Lake Cowichan School' District

Mrs. Margaret Nelson, HoMemaker
Vi4toila
Mr. Arthur Olson, Principal
Q1alicum SchoblDistrict
Ms. -Linda O'Reilly, Teacher
VancOuverSchool District
Mri. Margaret Strdogith.alrm ,Teacher
Nanaimo School Districti
Mr. -Brian Tetlikt Teacher
Victi3rta Sctioor DistOct

V4a.rice,, Faculty o1 Educatfon-.
*Unver "ty of Victoria
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Review Panel with the Mathematics Revision Committeet
A

'In Octoberof 1976, the Contract Team met with the following members of .the
Mathematics Revision Committee to obtain their Opinions on,the proposed

e

189

des:i of' the mathematics assessment:

James Bourdon, Supervisor,

Mr. Ronal4 Edmonds, Teacher, Vi

e. John44, Teacher, Vancou

Mr. Stari.-06akteijic4er,. Courten
Dr. El i zabetti IP:Ope-dy , at0
Mr. Will.iaafKokosktrtiK,7:a!her,'

Mr. George .NaChti-yal,, Teacher',

Mr. Willard Dunlop, Gonsultant,
EduCation
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North Vancouver SchooT District

ctoria School District
ver Sc:hool District ,
ay School District
of Arts 8i glience, University of

rth 1;)ncotivert,FrekOsol District

Abbotsford School- Dictrict
Car cullum !level oprpen
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NTiRPRETATION PANELS.

1'93

.
The f011owing three panels contributed to the interprbtation of test results by

rating the pupil performance on each item.

-Grade A Test Interpretation Panel-

Mr. jack Allen', Supervisor, Cranbrook SthoOl District
Mr. James Bourdon, Supervisor* North Vancouver_School District
Mrs. Jacquie Boyer, School BoardMember, Coquitlam School District
Mrs..Grac: I'lley,,Curriculum Advisor, S ey School District

Miss Evel 1 trimston, Teacher, Burnaby Sc ool District
,Mrs. Jean Ha 1, Homemaker, Vancouver
Mrs. Helen :cgonald, School Board Member,, ission School District

Miss Pat .LtOmery, Teacher,Vancouver School District
Miss Pa Pei -r, TeaCher,'Vancouver School, District

Mr. Ed ichmond, Faculty of Education, University of.Victoda ,
Mrs. Ave Robarts, Teacher, Vancobver SchoolDiWict
Mrs: Shirley/ Rudolph, Teacher; Vancouver School District
Ms. Pat Takdsaki, Teacher,. Richmond School District
Dr. John Trivett, Faculty of Education, Simon Fraser University
MrS. J. L. Wisenthal,,Homemaker, Vancouver

Grade 8 Pest Interpretation Panel

Dr. Irving Burhank,'Faculty of EduCation, University of Victo*ria
Mr. Roberti Campbell,.Teacher, Richmond School District
Mr. Richard Collins, Teacher, CooyitlamSchbol District
Mrs. Ishbel Elliott, Scho011 Board Member, RictipondSchool Distp4ct- gr
.Mrs. Barbara Girling,,Schoarbpard Member, 54rrey.Sthoor-Districif

, .

Mr. Don.Heise, .Teacher,'Burnaby School Diitrict _ . .

__Mr. Henry Janzen", teacher, Delta School District': . .

Mr. William'Kakoskin, Teacher, Nth Vancouver School, District ,

_Mrs: M. Mussalem, Homemaker, 041e, Ridge .." .,. -7- #

,

° Mt1:2Tomol-Naka, Principal, Nels6n#School District .
. .

Mr. Sebastian Nutini, Supervisor, Trail"School District . ,

. Zr. fiouglas,Dwens, Faculty of Education-, University, of British Columbia

,Mr. ThoMas Poulton, Teacher, elta School District
Mr,./ -Brian Tetlow, Teach6r, V ctdria School District

Grade 12 Test Interpretation anel

M. Dominic' Alvaro, Teacher, North VanCouver School Ustri
Dr. Thomas Bates, Faculty of Education-, University.of tritish.Columbia
Mt. Peter Bens*, Director of EduCation, Institute of Chartered Accountaptt,
3 North Varicouyer , f ' . o . . 1 ' ...

Mr:>N4YillVCOX, School Board Member, Missiop 'School rlinteidt .. ir,

. Mr. Michael Downing, Supervisor, Vest Vancouver School District .

0 ..

Mr: John Epp, Teacher, S, o. School Ditrict
41k.

Mt. Ian Hooper, Teacher, Vancouver School District
-.Or Horne, Faculty' of Edgcdtion, University of Victoria

Mrs. ne-McKendrick, School Board Member, Powell 'Ritter School District

-Mr.. F .nk Perehudpff, Tekher; Castlegar School District .

. . -

.# ',..

Mn. Be nie Pregler, Continuing Education Administrator, Coquitlam Scho 1 DistriCt.
Mr. Mel Richdrds, Princ,ipal,'Richmonci School District ., ---

.

. Mrs. Ona Mae Roys President, B C. Home & SchooT.Federation; Port Moody'
Mr..41an JayTOr, leacher, Coquitilim School District

Mr. R. Bruce WoOdTeacherOancouver School 'District
. .


